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^ (57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
intervertebral disc is preferably designed to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 

j2 shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 
thoracic, or the lumbar regions of the spine. The artificial intervertebral disc may include either singularly or in combination: an 
interior including at least one spring member preferably incorporating a arcuate surface member, a flexible core, the flexible core 

^ preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 

^ attached to one of the endplate by an intermediate shock absorbing element 
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CONTR^tLED ARTIFICIAL 
INTERVERTEBRAL DISC IMPLANT 

Field ot the Invention 

[0001] The invention is related to devices and methods for the treatocrit of 
l and diseases of die spine. More particularly, the invention relates to intervertebral 
3C replacement. 

BACKGROUND OF THE INVENTION 

[0002] , A variety of conditions' such as spondylolysis, disc herniation, 

10 compression of spinal cord nerve roots, degenerative disc disease, and trauma are known to 

c rose severe discomfort, requiring medical attention. Among the procedures currently used 

• ■ ■ 

t< i alleviate such conditions are spinal fusipn* such as intervertebral and posterolateral fusion 

6 r arthrodesis. In these procedures, two adjacent vertebral bodies are fused together. The 

a fected intervertebral disc is first excised- and an implant is inserted which accommodates 

15 b >ne growth between the two vertebral belies to effectively bridge the gap left by the disc 
removal A number of different implant materials and implant designs have been used for 
fi iskm with varying success. Although in^rvertebral and posterolateral fusion are widely 
u red, drawbacks to their use include a reduced physiologic range of motion and other fusion 
re lated complications such as degeneration of adjacent discs and destabilization of the 

20 fi notional: spinal unit. As a result, alternative treatments with fewer complications, but 

si cnilar efficacy to fusion, are desirable. Cjjjae such alternative to spinal fusion is arthroplasty 
a* id the iuse of a prosthetic or artificial disc. 

[0603] In genera^ arthroplast3|Ts used in the replacement of diseased joints. * 
A rthroplasty involves a set of procedures directed to maintaining motion of the joint 

25 tfcraby proving 

d< teriorating, as they tend to do after fusion. Depending on the location and the condition 
of 'the affected joint, specific arthroplasty procedures may be used. For example, 
injerpositional reconstruction surgery, whibh reshapes the joint and adds a prosthetic disk 
between the two bones forming the joint isicommonly used on elbow, shoulder, ankle, and 

30 finger joints. Total joint replacement or total joint arthroplasty, replaces the entire diseased 
joint with an artificial prosthesis and, in recrent years, has become the operation of choice 
f<4 most knee and hip problems. 

[0004] Hip and knee replacements are particularly widespread with nearly 
30)0,000 hip replacements and about as many knee replacements performed in the;tJnited 
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Slates 1112001. With respect to the knee and hip joint replacement surgeries, the& are 
several implants or prosthetics available.: E6r the hip prosthetic, in an exemplary idesign, 
there aieiwo components, one is a metal bail attached to a metal stem which is fitted into 
the femur, and the second is a matching plastic socket which is implanted into the.pelvis. 
ijhe metal pieces are generally formed fromstainless steel, alloys of cobalt and chrome, 
t|anium, 'and alloys of titanium; the plastic pieces are generally formed from Wghhdensity 
polyethylene. For the knee prosthetics, mm exemplary embodiment, metal and plastic " 
components are again used to replace the tfemaged bone ends and cartilage. The metal 
pieces are generally formed from stainless, steel, alloys of cobalt and chrome, titanium, and 
a loys of titanium; the plastic pieces are generally formed from high-density polyethylene. 

[0005] Although the evotation ; qf spinal arthroplasty and the use of prosthetics 
in the spine has been similar to that of otherjoints in the body, evolving from ftsing the 
joint to K^lacingthe fimctional joint, the advent of spinal athroplasty, however, has been 
sfower thin arthroplasty in other major joihts in the body. A few of the possible riasons 
IS .^yspin^ armroplasty has been delayed..^ mat spinal problems related to d^ 

degeneration are difficult to diagnose, spinal prc<*dures are typically crisis-driven and thus 
conservative solutions such as fusion are acceptable, and spinal anatomy is complex, 

j [0006] Over the past 40 years spinal arthroplasty technologies have been under 
djwdoprnent and in the last 10 years spinal arthroplasty has won the attention of leading 
sijrgecms and implant manufacturers. TheWotationof spinal arthroplasty 
inj the 1950*s and one of several emerging concepts was the spherical conc^offoedisc 
prostheses. The spherical concept is simply the placement of a ball, essentially 
circum^ential, m the cavity of the nucleuijj puhjosus after a discectomy proccdnre has been 
formed. The annulus is kept in place and the ball serves as a nucleus replacement 
ddvice. Various materials have been experimented with for the spherical concept -For 
ejunple, m the early 1960's, implants using silicone ball bearings were inplanted-into the 
cervical regions of patients, but the outcomes were uncertain. In the mid 19oVs, stamless- 
steel (ballbearing) prostheses were mrolanted into patients. The results of the procedure 
were initially proinising but over time the disc spaces lost height due to subsidence of the 
steel balls imp the vertebral bodies. Presentiy, the concept of a spherical prosthesis 
continues to be examined using different initials, the latest of which is a modified carbon • 
fitfer. , : 

[0007] Another emerging concept is the mechanical concept design. The 
m« «haaicaj concept design is essentially a foil disc replacement product which is intended 
to- restore foe range of motion of the verteb^ motion segment unit These devices are often 
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comprised of metallic endplates fixed to the adjacent vertebra] bodies via a stabilization 
n echanism ;and a core formed from polyetjfcylene or other polymeric materials. 1 
A ltematively, instead of a core, bearing sdrfaces can be used, the bearing surface materials 
bping ceramic-on-ceramic, metal-on meta£ or metal-on-potyethylene. The mechanical ; 
design concept is based on the same principles as joint reconstruction products, such as 
kpee and hip replacements, and a variety of mechanical design prostheses concepts have 
been proposed and continue to be proposed 

[0008] Another concept is theiphysiological concept. Hie physiological 
concept uses a hjdrogel, elastomer, or polyarethane-based core which is intended to restore 
tl e disc function by absorbing and emittingfluid between the patient's vertebral endplates, 
while also maintaining the natural shock absorbing or cushioning function of the disc* The 
physiological concept devices are generally considered only a partial solution as they aife 
designed to replace only the nucleus or a portion of the disc. 

[0009) : All of the approaches to disc replacement are aimed at some or- all of the 
fc Cowing: alleviating discogenic pain, restoring range of motion, maintaining the natural 
shock: absorbing function of the disc; restoring normal form or disc height* and restoring 
physiological kinematics. Generally, four exemplary types of artificial intervcrtdrial discs 
hi ve been developed for replacing a portioh or all of an excised disc: elastomez/fhud filled 
di 3cs, ball and socket type discs, mechanical spring discs and hybrid discs* 

[001 0] Elastomer/fluid filled discs typically include an elastomer cushion or a 
fluid filled chamber positioned between lower and upper rigid endplates. The cushions and 
cl ambers o^these implants advantageously function, in mechanical behavior, similar to the 
re aooved intervertebral disc tissue. 

[001.1] j Ball: and socket type di^typicallyincorpomte two plate member \ 
ha ving cooperating inner ball and socket portions which permit articulating motion of the 
m ^nbcrodupng movement of the spine. [ 
! 10Q12] : Mechanical spring disc&typically incorporate one or more coildd ; 
springs disposed between metal endplates. fThe coiled springs define a cumulative ^rinfc 
constant that is designed to be sufficient to maintain the spaced arrangement of the adjacent 
vertebrae while allowing normal movement of the vertebrae during flexion and extension of 
?inc in any direction. 

[0Q13] The fourth type of artificial intervertebral disc, the hybrid disc 
incorporates two or more of the aforementteaed design principles. For example, one knojra 
hy >ridtfisc arrangement includes a ball and; socket joint surrounded by an elastomer ringj. 
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JBQ14] While each of the foregoing prostheses addresses some or the problems 
Mating to intervertebral disc replacement; each of the implants presents significant* 
dbjawbacks. Thus, there is a need for an intervertebral implant that accommodates the 
arlatomy and geometry of the intervertebral -space sought to be filled as well as the anatomy 
and geometry of the ends of adjacent vertebral bodies, while providing reliability and 
sijnplicity in design. More particularly, there is a need for a spinal disg implant winch 
pa ovides stability for supporting the high loads applied to the vertebrae, permits' sufficient 
mobility to allow the patient an approximate normal range of motion, provides for. axial 
impression between adjacent vertebrae, and has shock absorption abilities. 

.... * ! 

i ■ .... 

: Summary ofr the Invention 

£0015] The invention rektekto an intervertebral disc that is prefeiifhly 

designed to restore disc height and lordosis, allow for a natural range of motion,- absorb 

. •* * 

shock and provide resistance to motion and axial compression. Furthermore, the . 

in :ervertebral disc may be used in the cervical, the thoracic, or the lumbar regions of the 




ovjal,) 
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[0016] The intervertebral disc! includes a body having a footprint that is 
r conforming in size and shape with at least a portion of the ends of adjacent 
The shapes of the intervertebral disc include, but are not limited to, circular, 
, ellipsoid, kidney-bean, annular, C-shaped, D-shaped, etc, 

[0017] In one embodiment, the intervertebral disc includes an upper endplate, a 
' endplate, and an intermediate elastic membrane disposed between the upper and 
lower endplates. Alternatively, the elastic membrane may surround and encapsulate the 
plates. The elastic membrane in combination with the upper and lower endplates 
: an interior volume. The interior volume of the disc includes at least one spring 
element, the spring element being attached to the upper and lower endplates. Preferably, 
| spring element is attached to the lower endplate within a pocket or groove formed on the 
- surface of the lower endplate, while the upper end of the spring element is attached to 
a hiemi-spherical member. The hemi-sphencal member is designed to mate with and 
articulate in a socket formed on die inner surface of the upper endplate. 

[0018] Alternatively, the disc may be provided with a plurafity of spring 
ele ments with each spring element extending ftom the upper endplate to the lower endplate, 
and each spring element may have abemi-spherical members on both ends to mate with 
cor responding sockets formed on the innerisurfacc of the upper and lower endplates The 
dis \ may also be configured such that the dfec general ly contains a first spring element 
sue •ounded:by a plurality of second spring elements uniformly spaced around the first 
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spring dement. The. tot spring element ^dferably having a stiffttess and/or spijhg; . 
constant Which is greater than the stif&eaSdf the periphery spring elenjtents. . ?*' 

[0019] Furthermore, the disc may include a plurality of spring element,* 
whereby only a portion of the spring elements may be attached to a hemi-spherical member, 
viith ths remaining spring elements beingSttached to the upper and lower endplates, 
• p eferably in pockets. In one exemplary embodiment* the first spring clement with be 
at tached to a hemi-spherical member while: the surrounding peripheral second spring 
el ements will be attached directly to the ugper arid lower endplates. 

[0020] The disc may also include an elastomeric strut or ring in place of one or 
a^L of the spring elements. Furthermore, the disc may incorporate casing members. * 

{ [0021] The disc may also include a fluid disposed within the interior volume 
and a valve fin: pennitting insertion of and removal of the fluid. 

. . [0022] The upper and lower endplates are preferably formed of metal, such as 
tnanium, stainless steel, titanium alloys, cobalt-chromium alloys, or amorphous alloys. 
Alternatively, however, the upper and lower <^(^lates may be foimed of ceramic^, 
cc tnposites, polymers, such as poly-ether-ether-ketone (Le. 9 PEEK) or an ultra high * 

. .. r - 

mblecular weight polyethylene (Y.e., UHlvp^EX bone, including cortical, caM 
al pgraft, autograft, xenograft, demineralize&fcr partially demincralizedbonc, or aiiy other 
m aerials able to serve as load bearing supports. The materials chosen Tor the endplates, in 
combination with flic desired fluid, are preferably selected to reduce the amount of wear, 
:arid fl^increase the life of the joint. i . < : 1 

[0023] : The outer surface of the.upper and lower endplates may be substantially 
fk t, wedge-shaped, etc. The outer surfaces :pf the upper and lower endplates may also: be , 
do me shaped; with their radii defined in the sagittal and coronal planes to generally match . 
those of the ends of the adjacent vertebra. The dome shape allows the upper and lower 
en iplates to better conform with the ends of the adjacent vertebrae for a better fit in situ. 

[0024] The intervertebral disc also preferably includes migration-resistant 
structures provided on the outer surface of at least one or both of the endplates to impede 
movement, dislodging, or expulsion of the endplates within and from the ends of the • 
adjacent vertebrae. The migration-resistanistructures include, but are not limited to^ flaps, 
spikes, teeth, fins, deployable spikes, depld^pble teeth, flexible spikes, flexible teeth, 
alt snfativcly shaped teeth, insertable or expandable fins, screws, hooks, serrations, ribs^ and 
tex hired surfaces, } 

[0025], Furthermore, the upper and lower endplates also preferably coaled with 
ab >nfc growth inducing or conducting subsjjance to promote bony ingrowth to permanently. 
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-in- 
secure the cjisc ip.foe adjacent vertebrae. Alternatively, the upper and lower emh>latesmay 
h?ve a roughened surface; a porous surface; laser treated endplate layers; integrate an : 
osteocondupdve/osteoinductive scaffold; or may be provided with or made from an integral 
ojrtepconduptive and/or osteoinductive material to promote bony ingrowth. Tte endplates 
5 may further include a membrane and/or starrier to limit the amount and/or depth of bony 
irigrowth. 

" [0026] The upper andlower endplates may also have implam insttimientation 
attacbment,!guiding, and rctainment structures. For example, the endplates may have holes, 
slot?, thready or a dovetail for implanting the implant and/or distracting the adjacent 
10 vertebrae, for example, the disc may include a slot formed in the upper andYor 1 lower " 
endplates, the slot being configured to receive an implant insertion instrument, a abstractor 
or both. , j ;-. 

j .; [00^73 The upper and lower endplates may also preferably include jaftculafoig 
snrfc^fousprovidmgfoem^ The arnc^afoig : 

15 sajrfeces preferably foclu^ 

<tapndfinjisli,TiNi^ . 
and increase disc life. 

! • i :. ! " ' 

I ■ . [002j&] to some embodiments, i&e interior of the disc may mctadeaj leaf spring 
attached on. one end to the upper and/or lower endplate but unattached on the ofoer ; end- ' 
20 Djsp^ between the ends, the leaf spring preferably includes an enlarged conyex 

intermediate section which mates, articulates, and shoes with the inner surface of one of the 
endplates. Preferably, the unattaimed end of foe leaf sprmg is attached to 
of an axle, foe axle allowing the roller to freely rotate thus permitting foe leaf ^rkg to • 
movefreelyjdumgfoeflexmgof&e \ . 

25 j :: [0029] fasomeembodiments,!foe:interior volume of the disc inelurijesi'an 
articulafoigmenfoerwhichisatt^ The articjilating 

m|mbcrpreferably being attached to one of foe endplate by an intermediate shock' 
abkofoing layer. The shock absorbing layer>referably being an elastomer, polymer ffoera, 
polyurefoane; dhcone, or other srn^ 
JO [0030] ^otherembodin^t^foediscgenerallyincludesanu^ 

Ioiprendpiate. anda flexiblecore fosposed: between foe upper and lower endplate^ 
prefcrablywithinpockets containing rnating surfaces. The flexible core preferably/is either 
*jtottedcore,aifogspimg.awh^^ The flexible member • 

m|rbe .tnmensio n ed and configured to provide flexion/extension, lateral bending axial ' 

6 
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rotation, and/or translation, depenc^g ou the loading conditions imparted on the ; 
intervertebral disc. 

[003 1] The intervertebral disp Snay be implanted in a modular fashion, if : 
possible, i>r may be implanted preassembte'd. :An anterior, anteriolateral, or lateraJ surreal 
5 approach may be used for the intervertebral disc. Furthermore, depending on the 
intervertebral disc to be implanted, a mmiin^liy invasive surgical method 

simultaneous distraction and implantation surgical method may be used. Also depending 

* •» • - * 

oh fiie intervertebral disc to be implanted, the Anterior Longitudinal Ligament may be 
attached directly, to thp,disc or to the adjacent Vertebral bodies. The Anterior Longitudinal 
10 Ligament may be formed from partially detnineralized or demineralized autograft, allograft, 
or xenograft Alternatively, the Anterior Longitudinal Ligament may be formed from 
biocompatible materials such as elastomer^ or braided polymers. To assist with the. - 
: iAptotation of the intervertebral disc, the intervertebral disc may include alignment 
m(aikexs. 

15 | Brief Description ofJthe Drawings 

I [0032] Tofknbtateanundei^todingofar^ 
present indention, exemplary and preferred^features and embodiments are disclosed in the- 

accompanying drawings, it being understood, however, that the invention is not limited to 

'i ■.*... 

the precise arrangements and instrumentahfies shown> and wherein similar reference 
20 rfjaracters denote similar elements thix>ughout the several views, and wherein: 

| [0033] Figure 1 is a perspective view of a first embodiment of an artificial 
intervertebral disc according to the prcscht/inventioxi^ . . : 

[0034] Figure 2 is a cross-sectional view of the artificial intervre^ 
■ 1 taken along line A- A; 
25 J . [003S] Figure 2a is an alternate ^ss-sectionri view of the artificial 
I disc of Figure 1 taken along line A-A; 
[0036] Figtire 2b is an alternate cross-sectional view of the artificial 
intervertebral disc of Figure 1 taken along: line A-A; 

[0037] Figure 2c is an alfiemate'cross-sectional view of the artificial 

30 intervertebral disc of Figure 1 taken along line A-A; 

• ?.*«■** *• - 
[0038] Figiire 2d is an alternate! dross-sectional view of the artificial 

mtj^erteferal disc of Figure 1 taken along:Hnej\-A; 

[0039] Figure 3a is a side view of a deployable spike according to the present 
invention/ . 
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[0Q4O] « * : Figure 3b is a side viewof another deployable spike accordragtbttfae 
present invention. 

I • [0041] Figure 3c is side view d£a flexible spike according to thepr$sent . 

i^motL :: . 

j £ [0042] Figure 3d is a side view of alternatively shaped teeth according to the 

| .106*3] . Figure 3e is a side viewof anchors according to the preset invention. 

j [0044] Figure 4 is a cross-secttb&al view of a second embodiment of an 
aijtificial intervertebral disc according to ^represent invention; I 

j : [0Q45] Figure 4A is a side vie&pf the leaf spring and roller of the ahi^cial * 
inj^ertri^ 1 . 

| : [0046] Figure 5 is a cros^sectidfcal view of a third embodiment of ^artificial 
intervertebral di» accoiding to the piiesentinvention; ! 

j i [0047] Figure 6 is a perspective view of a fourth embodiment of an artificial 
intervertebral disc according to die present invention; 

| 10048} Figure 7 is a perspective yiew of a fifth embodiment of an artificial, 
injteirvertebral disc -according to the present-invention; 

j [0049] Figure 8 is a perspective view of a sixth embodiment of an artificial . . 
injteiyGrteb^ 

[0050] Figure 9 is a cross sectional view of a seventh embodiment cjf jp. 
artificial intervertebral disc according to the present invention; ' 

[0051] Figure 9a is an alternate cross-sectional view of the seventh embodiment 
o^an artificial intervertebral disc accordingto the present invention; 

; [0052] : Figure 9b is an exploded view of the seventh embodiment shown is 
Ftjgu3re.9a; 

rOGS3] , Figure 9c is an exploded:yiew of the seventh embodiment shewn is 
Fi $ue 9a; and . 

[0054] Figure 10 is schematic view of a eight embodiment of an mtervertebral 
disc according to the present invention. 

Detaw gn Descripti on Ojj^kg Preferred Embodiments • ' 
[0055] Any of a wide variety ofdifiexent implant structures can be prepared 
accoidmg:to me teachings shown by the illustrative examples of the intervertebral discs 
disclosed herein. The intervertebral discs of the present invention are preferabtydesigned 
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to restore the natural spinal curvature (or sagittal balance), disc height, to allow fqr a, natural 
range of motion* absorb shock and to provide resistance to motion and axial compression. 

; [0056] The intervertebral discs preferably are sized and adapted for use in the 
cervical, thoracic, and lumbar regions of the spine. Also, the intervertebral discs can be 
5 tsklored for each individual patient allowing for disc characteristics appropriate for the 
individual patient. For example, an4 artificial disc may be provided having a pair of 
eajidplates and a core, and the care of die di$c can include different assemblies, different 
components, and/or various types of materials to create die desired dynamic characteristics 
ftjr each individual patient. 
10 i {0057]. Furthermore, the intervertebral discs may allow flexion, extenkion, 
l^ea^ bending, rotation, and translation. Flexion is movement that brings two p&ts of a 
jejint or body into a bent position; in the spine, this is a movement in which the spine starts * 
• straight and moves into forward bending. Extension is a movement that draws two parts 
. asjvay from each other; in the spine, this is a movement in which the spine starts straight and . 
15 mioYcs into backward bending. Lateral bending is a bending movement toward a lateral 
sipe; in the spine, this movement generally involves bending (lateral) and coupled rotation. 
Rotation is a movement that results in a portion of the spine twisting, rotating or turning 
with respect to the axis of the spinal column. Translation is a limited movement that is 
g^eraHyiransversetotheaxisof^ 
20 i [0058] Additionally, similar to a natural intervertebral disc, the artificial 

discs preferably allow for a moving instantaneous axis of rotation. At every 
: for a body in plane motion there is a line in the body or a hypothetical extension of .' 
this line that does not move. The instantaneous axis of rotation is this line. A moving 
instantaneous axis of rotation refers to the ability of the instantaneous axis of rotation to 
25 move (Le«, translate) as a result of different loading conditions; in other words, the location 
ofithe instantaneous axis of rotation moves with respect to the disc. The preferred mean 
location of the moving instantaneous axis bfrotation for the lumbar region of the spine is 
preferably in the posterior half of the. disc space or proximal to an adjacent (superior or 
inferior) endplate, preferably proximal to the inferior/caudal endplate, die preferred mean 
30 . location of the moving instantaneous axis 6f rotation for the thoracic region of the spine is 
f in the inferior portion of the disc space and proximal to the caudal vertebral body 
; posteriorly into the spinal canal, and the preferred mean location of the moving 
: axis of rotation for the cervidal region of the spine is preferably in the 
ior half of the caudal vertebral body. : 
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: [0059] Also similar to a naturaljiitervertebral disc, the response characteristics 
of the artificial intervertebral disc are preferably non-linear. For example, in response to 
continued axial compression, the artificial -intervertebral disc preferably undergoes a large 
initial amount of compression followed by noh-linearly decreasing amounts of 

S« compression. i r ' 

\ 1 i * 

[0060] Referring to the accoin^anymg drawings, preferred embodiments and 
features of the artificial intervertebral disc'srtill be described in detail. It is to be noted 
however that these descriptions of specific embodiments and features are merely 
illustrative. It is contemplated that one ormpre features or elements of the various 
10 embodiments may be combined or usedsingpla^ 

embodiments, as well as other embodiments* are contemplated and will be apparent to those 
persons skilled in the art. 

: [0061] Referring initially to Figure I, a perspective view of an exemplary first 
embcKfiinent of an artificial disc 10 is shpvfk Disc 10, preferably, has a generally kidney- 
15 b^shap«xi footprint which includes an anterior side 11, a posterior side 13» and first and 
second lateral sides IS, 17, respectively. Anterior side 11 and lateral sides 15, 17 are all 
substantially convex in shape while posterior side 13 is substantially concave in shape. 
However, the disc 10 may take on other shapes that generally conform geometrically and 
anatonifcally with the adjacent vertebral bpifies including, but not limited to circular, oval, 
ellipsoid, annular, D-shaped, C-shaped, etc. u 

:[0062J As showi^dise 10 melees an upper e^ 
atjd anmtermediate elastic membrane 24, £h^ elastic membrane 24 generally extending 
from the upper endplate 20 to the lower en^late 24, preferably, proximate the outer 
per^heryofthedisclO. Alternatively, fbsgastfe membrane 24 may surround and- 
25 encapsulate fee upper and lower endplates 20, 22. The elastic membrane 24 in combination 
with thfeupper and lower endplates 20, 22 define an interior volume 26. 

J :[0063] The elastic membrane ^preferably is formed from an elastomer such 
as jpolyurethane, silicone, a braided polymer^or any outer appropriate elastic material. The 
elastic membrane 24 may be permeable or semi-penneable to allow fluid to flow into and 
30 out of me interior of the disc (as described in more detail below). Alternatively, the 
membrane may be non-permeable. Preferably, the elastic membrane 24 may resist 
trabslational motion between the upper andlower endplates 12, 14, and may also prevent 
soft tissue ingrowth between the endplates 12, 14 as well as contain any wearparticles 
gehentfed within the interior volume. The elastic membrane 24 may be attached to me 
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liper .and lower endplates 12, 14 by any fiction method known in the art including, but not 
limited to; bonding agents, ultrasonic weldfog, screws, nails, mechanical wedging and pins! 

$064] Alternatively, the elastic membrane 24 may be in the farm of a bellow, . 
th ebeflow assuming an "accordion" or othtir flexible shape, enabling it to expand and 
contract under the various loading conditi6n£. The bellow may be rigidly attached to the 
upper and lower endplates 12, 14 by any method known in the art including, but not limited 
tc a circular groove formed in each endplate 12, 14, bonding agents, ultrasonic welding, 
sc rews, nni'ifi^ mechanical wedging,: and pins. Preferably, the bellow is made from a metal, 
aljthoujgi other material such as elastomertfor polymers may be used. In an alternative 
10 embodiment, membrane 16 may be made pit any appropriate non-elastic material known in 
i art > . i 

[0065] With reference to Figuse 2, the interior 26 of disc 10 is showaf 
p|edEerd>ly, the interior 26 of the disc 10 includes at least one spring element 30; and the 
— - -j element 30 may have a longitudinalsras. The spring may be oriented such-tibat its . 
15 lopgitudii^ axis is oriented substant^ 

r and lower endplates 20, 22. Alternatively, the spring may be oriented such that its : 
j forms an acute angle with at least one;e>f the upper and lower endplates. The spring * 
. el sment nfey have a first end which contacts the lower endplate 22 within a pocket or 
gi Dove 32. formed on the inner surface 40 of the lower endplate 22. Such a pocket or 
20 gmove may prevent lateral displacement of the spring with respect to the endplate; An 

uj per end of the spring element 30 may engage an articulation member 34 having ft spring- 
er gaging surface 33 and an opposite substantially spherical surface 35 . The spring element 
30 may be fixed to the pocket 32 and/or the jarticulation member 34 using any appropriate 
fia :ation method known in the art including, but not limited to bonding agents, ultrasonic • 
25 w dding, screws, nails, press-fit, and pins. Alternatively, the spring element 30 and the 
ar iculation member 34 may be integrally^fckmedL • . 

[0066] The spherical sur^35df articulation member 34 may be coi^^ffed; to 
an icolate within a correspondingly sl^ed ^pcket 36 formed on the inner surface 3* of the 
upper emulate 20. The interface between t^e articulation member 34 and the socket 36 
30 may approximate a ball and socket type connection, with the spherical articulation member 
j able to articulate within the socket 36. The type and amount of articulation desired may 
dictate the curvature and arc of the spherical, surface 35 provided on the articulation 
member 34 and socket 36. For example, ifcthe spherical surface 35 has the same radius as 
t socket 36, then the disc 10 may provide greater support but more constrained 
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movement. Alternatively, if the socket 36Tias a larger radius than the sphericWsurface 35, 
th> disc 10 may provide increased articulation and/or translation. 

j [0067] In an alternative embodiment, the socket 36 may incorporate a flattened 
pprtion which may permit the articulatiotttoember 34 to translate within the socket, thereby 
5 pjpvidmg translation^ movement of the upper endplate 20 relative to the lower endplate 22. 
By providing for such translation, the discjjlO may provide a moving instantaneous axis of 
rotation. It is possible for the articulationmember 34 and socket 36 to have contours other 
tljan spherical in order to achieve the desired articulation motion. Such other contours may 
c<pmprise*lbptical or egg-shaped, and multiply-spherical shaped in which theiarnculation 
10 number and the socket each may comprise at least two separate or cojoined spherical 
segments. Moreover, while the articulation member 34 and socket 36 are illustrated as 
having contours that generally permit mating of their respective surfaces, the corresponding 
syfeces may take on any appropriate shape to achieve me desired articiUating mobility 
between die upper and lower cndplates 20^.22.. 
15 } [0068] WMlemedisclOhasb^descnW 

; 3f associated with the lower endplate 22 ahd the socket 36 associated with the upper 
endplate 20, the elements may be reversed[so that the socket 36 and articulating dement 35 
/.aip instead associated with the lower and u^erendplates, respectively. Furmerniore, the 
select member may be provided integral w*h its respective end plate, such as providing a 
20 oa^ieceend plate with a hollow sphericapinner surface. Also, the socket member and 
maculating element may comprise any appropriate material known in the art, such as 
tteumim, stainless steel, polymers such as nhra high molecular weight polyethylene,, etc. 
F^ermore, the articulating surfaces rnayitdude a surface poli sh or similar wear reducing 
fijnsh such as diamond finish, TiNi finish,.etc. in order to minimize wear, decrease particle 
25 ' generation, and increase disc life. 

| [Q069 3 The spring element 30,-rnay encompass any appropriate resilient member 
•fajownm theart including, but not ftrtiterf]ip, spiral springs, coil springs, plate or leaf 
springs, etc. Moreover, the spring elementiOmay be formed from any appropriate material 
known in the art including, for example, polymers, composites, or metals such as cobalt- 
Crntmiium alloys, titanium alloys, stainless steel, shape memory alloys, and amorphous 
aljoys. Likewise, the spring element 30 ma^. comprise two or more individual spring 
elements provided either in scries, in parallel, or in a combination of series and parallel 
■elements, 

. [0070] The selection of a partiijtilar spring element may depend on the needs of 
th| particular patient, however, the spring or springs selected should mimic the properties of 
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tt ie patient's normal intervertebral disc, or should be appropriate as required for the 
pi uticuWproeedure. Thus, springs having the appropriate stiffness in axial compression 
aid in transverse bending should be selected to provide the following ranges: 
fl ^on/extension - from about 0 Newton-meters per degree (Nm/deg) to about 8 Nm/deg); 
5 lateral bending - from about Nm/deg to about 5 Nm/deg; and compression - from about 
IX) to about 5000 N/ram. Furthermore, tt»e outer diameter of the springs selected may 
range from about 5 millimeters (mm) to about 30 mm; and the heights of the springs may 
range from about 7.5 mm to about 12 mm. It is noted thai the preceding are provided as 
representative dimensions only, and the springs used may have any size, shape, strength and 
10 flpdbin^^ 

I [0071] The use of a spring element in combination with an articulating surface 
iriay provide a combination of articulation, translation and compression/shock absorption 
between ihe upper and lower endplates 20j 22, and thus allowing for a moving 1 
instantaneous axis of rotation. Articulation maybe provided through the interaction of the 
IS articulating member 35 and the socket 36, and/or by bending of the at least one spring 
. /element 30. Compression and shock absorption may be provided by the spring element 30, 

and translation may be provided by b ending/of the spring element or through the choice of a 

i * * 

socket haying a flattened portion such that ihe articulating member 36 may translate within 
. tt|e socket 

20 i [<X>72] Referring to Figure 2a*4i disc 10 comprising a plurality of internal 
-—^ elements 30 is illustrated, each spring element 30 may extend from the upper * 
lidplate 20 to the lower endplate 22 such, that the longitudinal axis of each spring element 
I oriented substantially perpendicular to the plane formed by each of the cud plates 20* 22. 
jtternatively, one or more of springs 30 maybe oriented so that their longitudinal axis 
25 ft^rms an acute angle relative to the plane ofone or both of the end plates. 

{ [0073] The plurality of spring ^ elements 30 may be arranged in a configuration 
s to provide uniform shock absorption, load bearing, and tension/compression 
or thfr spring elements 30 may be strategically placed to allow for increased 
* to shock and/or compression on one side (Le. anterior, posterior) of the disc as 
30 compared to the other. Preferably, however, the disc 10 includes at least one central spring 
element 30 and at least one peripheral spring element 30 spaced away from the central 
~ element 30. In the illustrated embodiment, a single central spring element is 
unded by a plurality of peripheral spring elements. The central and peripheral spring 
30 may have substantially the same stiffness, or their stifihesses may be different 
35 P] eferably, the central spring element 30 may have a stiffness greater than the stifihess of - 
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• . . 3L 
tifei^^pbaral spring elements 30. Such a© arrangement may result in a disc ha^bg a . 

central spring which provides primary shock absorption and resistance during ^initial 

stages of an axial compression evolution, and having peripheral spring elements|30 which 

* provide secondary shock absorption and resistance during the later phases of axial 
compression. This provides a desirable non-linear response to compressive loads; which 
iriay closely mimic the response ofthe patient's natural disc. • K 

" [ r 10074] As shown in Figure 2a£ each spring element 30 has first and second ends 
. a?sofciated with respective upper and lower end plates 20, 22. The first and second ends of 
cadi spring- may have an associated spherical articulation member 34 configured to mate 
TU&fk a corresponding spherical socket 36 fbtmed on the inner surface of the upperland lower 
endplates 2.0, 22 as previously described, tthe combination of spring and articulation 
n|embers permits the upper and lower endplates 20, 22 to move with respect to other. 
For example, articulation members 34 may articulate within associated sockets 36 so that 
Hjeiqaper apd lower endplates 20, 23 can Articulate with respect to each other without 
cheating resistive torsion in spring elemeuts 3tf that would be present if the endslrif the 
springs were rigidly connected to the endplates. Alternatively, each spring elertieht 30 may 
b^be attached to a spherical member 3<£on one end, the other end being attached to the 
Upper or tower ezndplate 20, 22 as previou^ae^ribed. : ; 

[ ; [0075] Referring to Figure 2b*;theidisc 10 may include a plurality df^wing . 
e|Bmente 30 where only one end ofthe fostspring element 30 comprises a spherical 
articulation member 34, and the opposite end ofthe first spring element 30 as well as both 
ep^s of the^ond spring elements 30 are/disposed within corresponding pockets, or 
losses, in. the upper and lower endplates^O, 22 (the arrangement and connection of these 
ieoepses and the associated spring elements being the same as previously described in 
relation to the embodiment of Figure 2). As shown in Figure 2b, preferably thefitst spring : 
ejenjeht 30ns attached to a hemi-spherical^member 34 for mating with a comsppiding ' 
socket 36 located in the upper or lower endplate 20, 22. The plurality of second; spring 
elements 30 surrounding the first spring element 30 being attached directly to thWupper and 
k*w6r endplates 20, 22 as previously descfiW In one embodiment, the first spring may be 
attached to one hemi-spherical member Hand the pluraUty of second spring elements 30 
ffijayibe may be attached to two henoi-spherical ; member 34. As with the previotisi 
«mbp<nments, the number, stiffness, and arrangement ofthe springs, as well as the selection 
* placement ofthe articulating elements^an^sockets 36 may be made in any cmnbination 
priate to provide a disc that mimics as closely as possible the properties oftiie normal 
ertebral disc, or that provides the properties appropriate to the particular procedure. 
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[0076]: Referring to Figure2c, tbd disc 10 may include an elastommc sthit 54 
located peripherally to a central spring ejlement 30. The strut 54 may have a longitudinal 
axis and first and second ends, and eacHLend may be associated with an upper or lower 
eudplate 20, 22. The elastomeric strut Sf may be seated in a groove 32 formedin the 
associated inner surfaces 38, 40 of the tipper and lower endplates 20, 22 to resist 
displacement The elastomeric strut 54^iiay serve essentially the same function as 1 
peripheral spring elements 30 previouslyidescribed, i.e. to provide the disc 10 with : ; 
compression force resistance and shock absorption and to resist motion. The dastoineric 
strut 54 may be formed from any appropriate material known in the art including, birt not 
limited to, polyurethane or silicone. Ai^y number of individual struts 54 may be provided, 
: i and the struts individual stmts may assume various shapes in order to provide the 

jappropriate stiflhess or resistance suppotst for the end plates. Thus, the struts 54may be. 
[cylindrical, square, rectangular, etc., and they may have any appropriate cross section, such 
las circular, triangular, elliptical, etc. The struts may also be provided with continuous or 
15 : -non-continuous cross-sections, and they may be made up of different layers of materials; 
jsuch as having alternating elastomeric and metallic or polymer layers. The struts 54 may 
jalso be hollow, or they may be ring-shaped. The ring-shaped struts.54 may be configured 
to surround at least a portion of the first spring element 30. As with earlier embodiments, 
. the ends* of struts 54 may be connected tdj the end plates using any appropriate method; in- the 
10 art, including press-fit, bonding agents, etc, One or more struts may also be provided to * 
tnpve within their associated groove or gi=poves. The arrangement, number and 
configuration of the struts 54 is not critic^, but instead may be any combination desired to 
/provide a disc 10 that mimics the properiibs of the patient's normal intervertebral disc, or 
. that provides the properties appropriate to; the particular procedure. 
5 [0077] The innCT surface 38; W 

Elastomeric strut 50 to be integrated into the corresponding surfaces of the upper and lower 
dndplates 20, 22 during imnufecture suchWbymolding the elastomer to^A^ 
. membrane and/or barrier may also be included within endplates 20, 22 to limit the depth of 
impregnation and bony ingrowth respectively. 
0 • [0078] The disc 10 of this embodiment also may include a membrane. 24 and a 
vfelve (not shownX the valve providmg.aceess to the interior 26 of disc lOso that iluid ; ^nay 
bjp injected into, or removed from, the interior 26 of the disc 1 0. The valve preferably is a 
; one-way valve, as known to those skilled iii the art, so that the fluid, once injected, can not 
. escape fiom the interior 26 of the disc 10. : Preferably, the valve is disposed through the? 
5 ; elpstic monbrane 24. alternatively however; , the valve may be disposed throughthe upper 
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and/orlpwer endplates 20, 22. Wlien the valve is disposed on the upper and/o$ower : 

* i **i r * 

ea^ptetes 20, 22, a passageway preferably is included to interconnect the valve with the , 

interior 26 of the disc 10. f 

. • v . 

. [0079] Theflmdmaybea^,aUquid,agel,oranycombinarioiit6ereottiiat 
fa sufficient t6 provide shock absorption during axial compression of the disc 10, : while 4lao 
pemuttmg limited articulation or movemjent of the upper endplate 20 and lower endplate 22 
with respect to one another. Preferably, the fluid is incompressible, for example, saline or . 
minfcral water; In use, the fluid may be;ihjected into the interior 26 of the disc lij before' 
insertion of the disc 10 between adjaceritfvertebrae . Alternatively, the fluid maybe 
injected, in situ to facilitate insertion of disc 10 and subsequent distraction between adjacent 
vertebrae. The rigidity and distraction capability of the disc 10 maybe a function of the 
amomuofftoidiiuecte^ Generally, the more ftuid ' 

provided in the interior 26 of the disc lojthe more rigid the disc 1 0, and the greater the • 
ffishactipn .capability. Furthermore, plfafelity and increased articulation may be realized by 
filling only a portion of the interior 26 ofjfie disc 10. Finally, variably filling the interior 26 
of the disc 10 with fluid permits the overtoil height H of the disc 10 to be varied.as necessary 
depending on the needs of the individual'patient. 

t0080]i Dependmgonmeloi|tionofniespine where the disclOfaiimlaiited, . 
the diso30preferably restore height in Arrange between about 4 millimeters to about 26 . 
imllnneters. In addition, the disc 10 prefjaabry restore lordosis in the range between about 
6°.io about 20V The disc 10 preferably ajteo restore stiffness from about 1 Nm/degto about 
1 1 Nm/deg in axial rotation, about 0 Nm|leg to about 7 Nm/deg in flexton/extension, and 
^utO^degtoaboutSNm/degmlat^bendmg. m addition, me disc 10 preferably 
Offers compression stif&ess from^outiipON/mm to about 5000 N/mm and tension '! 
^essfiomabomSONAnmto 
location of the spine where the disc 10 fa planted, the intervertebral disc 10 preferably 
allows fir a range of motion of about S" to about 45° in flexion/extension, of about 3° to 
about 33° in lateral bending, and about tf to about 60* in axial rotation. The mtervertebral 
disc 10 preferably also allows for axial ^mpression in the range from about 2 mm to about 
D 2 mm. 

• ■ tOOSl] Preferably, the upper lower endpJates 20, 22 are formed of metal, 
sph as titanium, stainless steel, titanium alloys, cobalt-chromium alloys, shape Memory' 
alloys, or amorphous alloys. Alternatively, however, the upper and lower endplates 20, 22 
rhay be firmed of polymers including rigfdpolymers, PEEK or UHMWPE, cerates, ' 
composites, bone mcluding cortical, cancellous, allograft, autograft, xenograft, ' 
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Idepdneralized or partially dcmineralize^rbpne, or any other material appropnajfe to serve as 

lodd bearing supports. More preferably,^ materials chosen for the endplates;^ chosen 

J \ ' iv-' ■'• ' : 

. safes to/minimize wear. 

' [0082] Furthermore, preferably, any articulating surfaces in the intary;ertebral 
5 [discs of the present invention include a surface polish or similar wear reduringfimsh such 
Usfdiamcmd finish, Tfltfi finish, etc. in oriter to minimize wear, decrease particle generation, 
\ and increase disc life. 

[0083} The outer surface of fEae.upper and lower endplates 20, 22 may bp 
substantially flat, wedge-shaped, etc. TBS outer surfaces of the upper and lowtt- endplates 
10 V 2tf* 22may also be dome shaped with thar radii defined in the sagittal and coronal planer to 
'* feeherally match the shape of the ends ofihe adjacent vertebral* thereby providing a better 
fit jn situ* 

\ : [0084] In addition, as showtiinFigure 1, the disc 10 may include migration 
re^staiifefeatures, such as, for example, spike-tike structures 18 on the outer surfaces of the 

15 . : upper and lower endplates 20, 22. The migration resistant features may facilitate 

engagement of the disc 10 with the ends^pf the adjacent vertebra by providing a mechanical 
interlock as a result of penetration and/or ;deformation of the ends of the adjacent vertebrae. 
Ti& initial> mechanical stability afforded by spikes 18, for example, minimizes tfiia, risk of 
i>ost^operative instability, movement, dislodging or expulsion of the disc 10. Other 

20 . migration resistant features may include,; without limitation, flaps, teeth, deployable teeth, 
depjoyable spikes, flexible spikes, flexible teeth, fins, insertable or expandable fins, • 
^rihbis, screws, ridges, serrations, or other similar texturing on the upper arid lower 
oidjpktfes 20, 22. As shown in Figure 3a£deployable spikes 41 may be provided, and a cam 
. jjnechanism 43 may be used to deploy thejspikes. Alternatively, as shown in Figure 3b, the 

25 deployable spikes may be configured tabs deployed by an instrument (not sho^m). As 
shown in Figures 3c through 3e, respectively* examples of flexible spikes 44, shaped teeth 
45,- and anchors 46 are shown. Alternatively or in addition, bonding agents may alto be 
. used to secure the disc 10 to adjacent vertebra. 

: [0085] Furthermore, the uppcfcand lower endplates 20, 22 may also be; coated 

30 with a bone growth inducing substance, sfech as hydroxyapatite, to promote bony ingrowth 

tb permanently secure the disc 10 to the a^acent vertebrae. Alternatively, the upper and 
i * * ** - *. 

lpwer endplates 20, 22 may have a rough^ied or porous surface to facilitate boiiy ingrowth. 

Alternatively, the upper and lower endplates t 20, 22 may have laser treated endplate layers 

t< > create a porous structure, or may integrate an ostcoconductive/osteoinductiv&scaffold. 

35 Tfhe eadplates 20, 22 may also be made ftfcm an osteoconductive and/or osteoinductive 
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"! ; tahterialto promote bony ingrowth. ITie-iendpIates 20, 22 may further include Membrane 
; * jand/or barrier tolimit the depth of bony Sngrowth permitted. 
. j • E0086] The upper and lower^endplatcs 20, 22 may also have implaiit 
instrumentation attachment, guiding, and: retaining structures. For example, theendplates 
5 * 20, 22 may have holes, slots, threads, ornadovetail for accepting a tool used tp implant 
1 jand/or distract the vertebrae. For example, the disc may include a slot formed ik the upper 
jami/or lower endplates 20, 22, the slot configured to receive an implant insertion 
: I instrument, a distractor or both. 

\ y [0087] »As a result of the material and structural components used* ffiedisclO 
10 : jean allow flexion/extension, lateral ben^g, axial rotation, and translation, dqktading on * 
: Jhe lading imparted on the intervertebx^ disc. In addition, under various spinal loading, 
jconditions resulting fiom spinal movem^, the spring element 30 can congress, tilt, 
articulate and/or bend varying amounts. ; 

• : [0088] With reference to Figaros 4 and 4a, a second exemplary emfoffimehtof 
attintervertebral disc 100 is shown. Sinfflar to the previous embodiments described, the 
: pxtemal configuration of disc 100 may take on any shape that generally conforms 
■ geometrically and anatomically with thei^djacent vertebral bodies including, but inot limited 
to circular, oval, ellipsoid, annular, Mdney-bean, D-shaped, C-sbaped, etc. Aa shown, disc 
; jroo includes an upper endplate 102, a loiwsr endplate 104, and an mtermediate elastic 
0 membrane lOfc the elastic membrane 10i in combination with the upper and lower 

fndplates 102, 104 defining an mterior vgrurne 108. The endplates 102, 104 and elastic : 
. jne)nbrane i06 are similar to those endp&tes and clastic membrane described previously m 

^fiOTtoomerOTbodiments. The disclOO may also include a valve (not shown), the 
; Valve providing access to the mterior lo|of the disc 100 for permitting the insertion of, or 
5 ^emoval ot; a fluid as previously describ|d hi relations to other embodimenlB. 1^ 

^al^mcludoinigiaticmiresist^ ■ 
: |^n™Bn^on attachment, guidm & 
Ration to Figures 3a - 3e and previous embodiments. 

[0089] BisclOf) further mayi^icltide a leaf spring 110 having a ftat end 112 
and second end 114. The first end 112 niaybe attached to the upper endplate 102; while the 
^ecpnd end 114 of leaf spring 110 may comprise a roller 130 capable of rolling on the inner 
frfece'ofuieupperend plate 102. The ^ifspringmay have a central portion Indisposed 
.tjetween the first and second end 112, 114; and i^s <^tral poruon 116 may comprise a: 
joncavo-convex shape. The convex sorflfce may generally face the lower endplate 24 and \ 
itjie concave surface generally facing the upper endplate 24. Lower end plate 104may 
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jcpmpjise a surface configured to -accep^Thtermediate section 116 which itself ^.configured 
!tp mate; articulate, slide and pivbt.with fiie inner surface like a ball in a socket While the 
[leaf sprang 110 is described herein as attached to the upper endplate, it may alternatively be 
I attached to the lower endplate 104 so thatits concavo-convex intermediate section 116 



5 ^interacts with the inner surface of the upgper end plate 102. It is noted that although the 

I articulating surface of leaf spring ;i 10 isSltastrated as being disposed near the center of the 

jleaf s$mig v the articulating surface may be* located at any point along the length and/or 

iwidth of the leaf spring, as appropriate to provide the desired articulation. 

•[0090] The second unattached end 114 of leaf spring 110 may be provided with 
i \ . >* \r- . * : 

10 : | a roller J30 on an axle 132, the roller 130 being freely rotatable about the axle 132. The . 

t » "... 

jsecbnd end 114 of leaf spring 110 may slide or roll along the inner surface of the upper 
[endplate 102 during axial loading- or compression and during axial unloading or tension.. 
. The feaf spring of this embodiment is thus allowed to translate as it is flexed, providing a 
greater range of flexibility compared to leaf springs constrained at both ends. Man 
IS alternative embodiment, the leaf spring 110 may have a rounded end instead of a roller 130 
for sBding directly along the inner surface of the upper endplate 102. 

' - (S0091] The lower endplate 104 may comprise a pocket 106 for receiving a pad 

... - i j . * 

{120. The pad 120 may have a lower surface for engaging the lower endplate 104, and an 
jupper Surface comprising a concave section 122 configured and dimensioned to mate with 
20 jthe enlarged intermediate convex section 116 of leaf spring 110. The type and amount of 
(articulation provided by the spring and pad may be adjusted by controlling the curvature 
provided on the intermediate section 116 and concave section 122. Where the intermediate 
jsecticm 116 has the same radius as the concave section 122, the disc 100 may provide 
greater support but more constrained movement Alternatively, where the concave section 
25 |l22 has.a larger radius of curvatufe than : the intermediate section 116, the disc may provide 
I articulation. \ ■ • . • 

[0092] The intermediate member 116 and concave section 122 may also take on 
j>ther^ontours to achieve the desired articulation. The concave section 122 of ike pad 1250 
may be convex to mate with a concave intermediate section 116. Moreover, whale the 
30 * concave section 122 and intermediate member 116 are shown with contours that generally 
)exmit mating of their surfaces, non-mating contours may be provided to achieve the 
deskcAarticulalion. 7 

.[0093] Furtheimore/tfie con^^^ 
i tending on the area, or areas of loading. jFor example, loading one end of disc 100 may 
15 i esulfcin. greater compression of disc 100 when compared with an opposing end of disc 100. 

.19 




WO 2004/016217 



PCTAJS2003/025536 



Additipnally, the pad 120 and the podcejt;i06 may be configured to allow the to 
rtransl^te within thejpocket 106. The vai^g movements, /.<?. compression, of Ic^f spring 

llO and translation ;of leaf spring 110 with respect to the pocket J 06 may allowfa moving 
^instantaneous axis of rotation. ' 
5: 10094] Leaf spring 1 10 maybe formed from any appropriate material known in. 

jthe art including, for example, polymers,;c^amics, composites and metals, such as cobiflt- 
Ichrominm alloys, titanium alloys, stainless steel, shape memory alloys, and antoiphous. 
alloys; The pad 120 may likewise be formed of similar materials. 

* 

{0095J Depending on the location of the spine where the disc 100 is implanted, 
i0 jthe disc 100 preferably restores height, neural spinal curve (orsagittal balance), stiffiiess, 
ioffers compression istiffiiess, and allows a range of motion similar to that described in • 
•relation to previous- embodiments. 

j [0096] With reference to Figure 5, a mnidexemplaiy embodiment of an 

.iintervertebral disc 150 is shown. Similarito me previous embodiments described, disc iso 
15- ;may take on any shape that generally confenns geometric^ly and anatomicaDy with the 
iadjacent vertebral bodies including, but riot limited to circular, oval, ellipsoid, annular, 
jkidney-bean, D-shaped, C-shaped, etc. As drawn, disc 150 include an upper endplateI52, 
\ |a lower endplate 154, and an intermediate elastic membrane 156, the elastic inikbrarie.156 
jin combination with the upper and lowerrendplates 152, 154 defining an interior volume 
a58. The endplates 152, 1S4 and elastic membrane 156 are similar to those previously i 
described in relation to other emoodhnents; The disc 150 may also include a valve (not 
|shown) f the vah/e providing access to the interior 158 of the disc 150 forpenmttingthe. 
insertion of, or removal of, a fluid as previously described in relations toother 
jembodiments. Disc 150 may also include migration resistant features, permanent fixation 
25. Feansrand/crhTOJlantinstr^ 

previously described in relation to Figiu«'3a-3e and the preWous embodiments." 
j E0097] Disc 150 may further include a medial articulating member 160 attached 
^o one of the upper or lower endplates 1S2, 154, preferably the lower endplate 152. The 
articulating member 160 may have a convex lower surface 162 that is configured and [ 
30 pimensioned to articulate with respect to concave surface 164 formed on the inner surface 
pfoneofme lower endplate 154. Ttec^tureofthecocres^ 

jl62, 164 may be manipulated as necessary to provide the desired amount of articulation and 
Iranslation between the endplates 152, 154, as has alrcady been described in relation to : 
Other embodiments. 
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f.D09$] Alternatively,, the articulating member 1 62 may comprise a wncave. 

Jower surface configured and dimensioned to mate and articulate with respect to a convex 

isui^e iiimed on tbe inner surface of the opposing endplates 152, 154. Furthermore, the 

jcon^av^ surface 164 may be integrally farmed on the inner surface of one of the endplates 

5 :152s 154 or it may be separately fonned md momted thereon. Momting the cleave 

surface 164 onto the inner surface of onetof the endplates 152, 154 permits the concave * 

^urfece 164 to be made from a material different from that of the associated endplate, fifir 

. jexarhple, polyethylene or other polymer^pr a shock absorbing material may beprovijded, as 
i * - • ' * ■ * 

: deso*ed in more detaillatcr. : 

iO -! * [0&99] The articulating meriiber 160 may be attached to one of the endplates 
h$Z 9 154 by any fixation method known in the art including, but not limited to bonding : 
•agents* ultrasonic welding, screws, nails, mechanical wedging, and pins. Preferably,, 
•however, the articulating member 160 may be attached to one of the endplate 150, 152 via 
^intermediate shock absorbing layer 170> The shock absorbing layer I70*may.be an . . 

15 jetestomCT, molded or to ; 
lelastic ihaterial having the appropriate sfek absorbing properties. Articulatingrmet^er 
160 may be fabricated from a metals, polymers, composites, ceramics, or any combination 
. jtherWl 

" . | £00100] Hie disc 150 may also include an additional elastic membrane 172 • 
20 {configured to confine and/or secure the ^tnriatingroember 160 tooneofthecaidplates* 
Sl52 ■ K4, and/or to encapsulate the shock absorbing layer 170. The additional elastic 
[membrane may be a bellow which may provide shock absorption, compression resistance, 
land addisd stability for the articulating member 160 in shear. 

i : [00101] Depending on the location of the spine where the disc 150. is implanted, 
25 jtbe disc.l^O preferably restores height, natural spinal curve (or sagittal balance), stiffness; . 
loffers compressioD stiffiiess, and allows a rar^e of motion si^ 
relation iio previous embodiments. 

[00102] As a result of the materials, geometry, and components used,; disc 15tf 
can allow flexion/extension, lateral bending, axial rotation, and translation, depending cm 
30 . she loading conditions imparted on the intervertebral disc. In addition, under various spinal 
jioading .conditions, the shock-absorbing layer disposed between the articulating member 
jl6p^and. one of the endplates 152, 154 can; compress and/or bend varying amounts, 
depending on the location of the compressed and/or bent area with respect to the area or • 
areas of loading. Furthermore, disc 150 permits different regions of the disc 150 to 

l r. ' ■ * 

35. impress varying amounts. 
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£00103] With reference to Figure 6, a fourth exemplary embodiment of an' 
intervertebral disc 200 is shown. Disc 2y0 has a generally circular shape with an upper 
endplate 202, a lower endplate 204, and a slotted core 206 having an upper curved surface 
and a lower flat surface. The disc 200 may take on any other shape that appropriately 
5 -conforms geometrically and anatomically with adjacent vertebral bodies > including, but not 
limited to, kidney-bean shape, oval, annular, ellipsoid, C-shape, D-shape etc. Other features 
. described previously with respect to the bther embodiments, such as the migration resistant 
structures, permanent fixation features and/or implant instrument attachment, guiding, and 
. retaining structures may be included on endplates 202, 204* Furthermore, the outer surfaces 
10 .of the upper and lower endplateS;202, 204 may be substantially flat, wedge-sh^ed, etc. * 
/The outer surfaces of the upper and low^r endplates 202, 204 also may be dome shaped 
with their radii defined in the sagittal and coronal planes to generally match the shape of the 
ends of the adjacent vertebrae, thereby pjnjviding a better fit in situ. Preferably, the upper . 
:and lowei; endplates 202, 204 may be made from metal. However, the upper and lower 
15 .endplate 202, 204 may alternatively be made from any of the endplate materials previously 
tfescribetfim relation to earlier embodiments. 

[00104] As shown, the lower^eridplate 204 preferably includes a pocket 208 
located on its inner surface, the pocket 2j»8 designed to receive the lower flat surface of 
slotted core 206. Alternatively, the slotted core 206 and lower endplate 204 may be formed 
20 as an integral piece. Where die core is feriied as a separate piece, ft may comprise a 

different material from the end plate 204> thus, a metal end plate may be provided having, 
for example, a polymer mating feature core 206. 

.; [00105] Where the core 206^nd endplate 204 are formed separatelji medisc 
|200 may also include a c-iing (itot shewn) or shnilar structure, suchasalnjornngtocated 

25 |within or adjacent to pocket 208, to retain the core 206 within the endplate pocket 208. 
jSuch a ring may be configured to prevent the core from translating with respect to the 
pndplate 204, or it may allow translatioaof the core in one or more directions. ! 
lAltemafively, the core 206 may be retained in pocket 208 by means such as welding, press- 
fitting, staking, or bonding a cap (not shown) to the lower endplate 204* the cap 1 covering a : 

30 portion ofthc core 206. . 

• [00106] Although pocket 20Sis shown as having a circular shape, me pocket 
may take on any other appropriate sh^including, but not limited to oval, eUnitical, 
ddney-bean shaped, rectangular,^, where the core and endplate are formed as separate 
jieces, pocket 208 may be wider or longer than slotted core 206, thus allowingShe core 206 
35 'to translate within the pocket 208 duiuig;opcration. Alternatively, the pocket 208 may 
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assume various ^dimensional configurati^fi necessary to allow translation o^^cpre I 
wmma the pocket only along specific dictions. Thus, tte 

saine general, width as the core in all diretfions but one, the pocket being widbr than the 
.core in that oneldirection {e.g. the anterijirposterior direction). Thus, a poclcetithat is wider 
5 -than the core along the anterior-posterio|: axis may allow the core to translate in the 
ah^or^sterior direction during use. porrespoodmg modifications to the pocket 
geometry may be made to allow translation in other directions, such as medi^lateral 

translation. . j ■. ; \. 

• " [00107]: The iimer surface ofjfee upper endplate 202 may have a concave mating 
10 feature 210 configured to accept the uppjea: curved surface 212 of the slotted wye 206, 

•Preferably, the mating feature 210 allocs the upper end plate 202 to articulate jrith respect 
" "■ ' to the slotted core 206. This mating feature 210 may be integral to the upper end plate 202> 

or it may he formed as a separate piece, jfit to tiie end plate. Where the mating feature is 

.formed as a separate piece, it may comprise a different material from the endplat£ 202. 
15 Tlins> atrietal end plate may be provid^ having, for example, a polymer mating feature 

21a • i I ) : : ■ 

• . : ,- ...... 

1001081 As previously described in relation to ofe<* embodiments; the 

articulating surfaces maybe reversed, tl^is, mating featured 

convex form, and the slotted core may bp : provided with a concave surface. Eurthjamore, ■ 

20 fee type and amount of articulation and/& translation provided by the disc of [this 

embodiment may likewise bd adjusted by. adjusting the curvature of the convex food concave 
surfaces as previously described in relation to other embodiments. By aUowing articulating 
and translational movement between th^en^Iates, a moving instantaneous a»£ of rotation 
is allowed feat approximates the motioniof a natural intervertebral disc. 1 ; 

25 [00109] The slotted core 20fijn?ay be resffient, allowing it to c^^ 

axial loading, thereby providing shock absorption. Thus the core 206 may have|at least one 
slot 216 cut into its periphery. Slots 21^ may be straight or curved and may extend, 
horizontally, vertically, or obliquely. Slpts 216 may also vaTy in length and widfti and may • 
be provided at Various depths through the core. The slots 216 may increase the 

30 compresabflity of slotted core 206 and thus, give additional shock absorbing qualities to the 
disc 200. The arrangement and configuration of fee slots provided in fee core 206 may be 
t>f any combination appropriate to provide.the desired degree of compressibility. 

[00110] Although shown as having a round footprint, the slotted core 206 may 
jbe.any other shape including oval, rectaijgnlar, elliptical, and kidney-bean. P^ferpbly fee 

35 shape of the slotted core 206 matches with fee shape of the pocket 208 formed on fee inner 
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surface of flie lower endplate 204. Slotted core 206 may be formed from materials 

! * : i : - . • 

including, for example, ceramics, composites, polymers, or metals such as cobaft-chromium 
.alloys, stainless steel, and titanium alloys; Alternatively, slotted core 206 may be made up: 
. [of two comiponents (not shown) of differing materials. Also, as previously stated, the 
5 'slotted core 206 may be made integral with the lower endplate 204. 1 
| [001 11J Disc 200 may also include stiffoess restomfo^ 
jelastic membrane, an elastomer ring, bellow, springs, or fluid as previously discussed in 
relations tq other embodiments. 'Disc 2Qpmay also incorporate additional shock absorbing 
featured as previously discussed itx relations to other embodiments. 
10 i \ [00112] The disc 200 endplate may have migra^ 

jtm the outer surface of at least one or both of the endplates to impede movement, 
[dislodging, or expulsion of the endplate* within and from the ends of the adjacent vertebrae. 
•The migration-resistant structures include; but are not limited to, flaps, spikes,'teeth, fins, . 
|depIoyable t spikes, dcployable trietb, flexible spikes, flexible teeth, alternatively shaped 
15 jteeth, inseitable or expandable fins, screws, hooks, serrations, ribs, and textured surfaces. 
| [001 13] Furthermore, the upper and lower endplates of disc 200 also may be 

coated with a bone growth inducing or conducting substance to promote bony ingrowth to 
pennanehtly secure the disc to the adjacent vertebrae. Alternatively, the upper and lower 
endplates may have a roughened surface; a porous surface; laser treated endplate layers; 
integrate an osteoconductive/ostjeoindu^iye scaffold; or may be provided with or made 
from an integral osteoinductive and/orosteoinductive material to promote bony. ingrowth 
[001 14] Depending on the lofeiition of the spine where the disc 200 is implanted, 
t^e disc 200 may restore height, jlordosi^stififeess, offer compression stiflEhessJiand aUow a 
range of motion intended to mimic that of the natural intervertebral disc, or as iequired for 
the particular procedure. \ 

[001 15] In addition, preferabfy, as discussed with previous embodiments, the . 
articulating surfeces of disc 200 dnclude.;i : surfece polish or similar wear reducing finish 
such as diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle 
generation; and increase disc life. 

[OOjl 16] As a result of the ms^srials, geometry, and components used! disc 200 
can allow flexion/extension, lateral bending, axial rotation, and translation, depending on 
the loading conditions imparted on the intervertebral disc. In addition, under various spinal 
loading conditions, the slotted core 206 pan variably compress and allow for different 
regions of the slotted core 206 to compress in different amounts, depending on the location 
35 [and type of spinal loading, thus allowing : different regions of the endplates 202, 204 to be 
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jbompressed different amounts. This variable compression of slotted core 2% #6 allows 
• jfbra nibving instantaneous axis of rotatiifri. 
f ' [00117] With reference to Figure; 7, a fifth exemplary embodiment of an 
jintervertebral disc 250 is shown. Disc 2SD has a generally circular shape with an upper 

5 leridplate 252, a lower endplatc 254, a cap 256 and a ring spring 258. Disc 250, however, 
imay take on other shapes that preferably conform geometrically and anatomically with 
[adjacent vertebral bodies, including, but not limited to, kidney-bean shape, oval, annular, 
(ellipsoid, C-shape, D-shape etc, 

[001 1 8] As shown, the lower eodplate 254 preferably includes a pocket 260 

10 jiocated on its inner surface, the pocket 2$6 is designed to receive a ring spring 258 having a 
jtapered.outer. surface, and a cylindrical inner surface. Preferably, the pocket 260 has a 
' jtapered inner surface for mating with the" tapered outer surface of the ring spring 258. 
i Although pocket 260 is shown as having a circular or conical shape, the pocket 260 may 
[take on wy other shape including, but not limited to oval, elliptical, kidney-bean, or 

15 :jrcctangular» 

[001 19] Pocket 26D maybe larger in dimension than the ring spririg;258 to.aHow 
jthe ring spring.258 to translate within th£ pocket 260. As with the pocket of the previous 
\ embodiment, pocket 260 may be specifically dimensioned to allow limited translation of the 
. ;ring spring 2S8 in one direction. By alleging translational movement, amoving 
20 [instantaneous axis of rotation is created^This moving instantaneous axis of rotation more 
i naturally replicates the motion of a natural intervertebral disc. 

1 [00120] The disc 250 may al$b include a coring (not shown) or similar type 

: structure,, such as a lip or a ring located within or adjacent to the pocket 260, taretain the 
iring spring 258 in the pocket 260. Aftematively, the ring spring 258 may be retained in 
25 pocket 260 by any means known in the ayt including, but not limited to, welding, press- 
fitting, staking, or bonding. As previously stated, the ring spring 258 is maintained in the 
pocket 260 in 3 manner pamitting the riig spring 258 to translate within pocket 260. In 
one embodiment, the ring spring and caj>may be retained in the pocket 260 by a Bd that 
engages the lower endplate 254 and that covers at least a portion of the ring spring 258 
30 ahd/or.thecqp256. 

[00121] The ring spring 258 is preferably a spring-like element that compresses 
under axial loading to provide shock absorption, flex and compression resistance.. Although 
shown as having a general "C" shape with a circular footprint, the ring spring 258 may be 
any other shape including oval, rectangular, elliptical, and kidney-bean. Preferably the • 

35 [shape of the ring spring 258 matches with the shape of the pocket 260 formed on the inner 

. .t 
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surface of the lower endplate 254. . The ring spring 258 may be fanned of any ^appropriate 
material known in the art including* for example, ceramics, composites, polymers or metals, 
such as cobalt-chromium alloys, stainless steel and titanium alloys. : 

[00122} As shown, the ring^ring 258 has a top surface 264, a bottom surface 
266, an outer surface : 268 and an inner surface 270 defining a central bore 272|fi>i! mating 
with a shank 276 formed on the cap 256.: ;Preferably, the outer surface 268 of &e ting 
spring.258 is tapered to mate and engage with the inner surface of the pocket 2$Q; hi 
addition, the ring spring 258 may include at least one slot 262 formed and/or cfet into its • 
periphery. The slot 262 may be straight or curved and may extend horizontally, vertically, 
or obliquely* The slot 262 may also vary in length and width. Preferably, as sjhown, the 
ringspring 258 includes one vertical slot 262 extending from the top surface 2*64 the bottom 
surfece 266 of the ring spring 258* and extending from the outer surface 268 4 the inner 
.surface 270 of the ring spring 258. Theinciusion of this slot 262 increases tfai 
ccmrpres^ibiiity df the ring spring 258 and thus provides additional shock absoarbihg 
qualities to the disc 250. } 

£00123] ha an alternative embodiment, the ring spring 258 may incqiporate & 
plurality of slots 262 (not shown) running from the top and/or bottom surface^ 264, 266 
part waylbrou^k the thickness of the ring spring 258 to provide desired compressive 
characteristics of the disc. 

[00124] The disc 250 may also ipclude a cap 256 having an enlarged body 
section 274 and a shank 276. The juncture between the enlarged body section!274 and the 
shank 276 may form a shoulder 278, th6 thzck 276 e con fi gured and dimensirined to be 
received within the central bore 272 of the ring spring 258, and the shoulder configured to 
» enga^ the top surface 264 of the ring spring so that the cap 256 may sit on top of the ring 
I spring 258 when the two pieces are assembled. In one embodiment, die central bore 272 is 
larger than the shank 276 thus permitting compression of the ring spring 258 4fy closure of 
| the g^> cheated by the at least one slot 2&2 when a compressive force is place^jm the disc 
250. Also, providing a central bore 27£which is larger than the shank 276 mdy permit the 
C25> 256 to translate with respect to the ringspring 258. 

: [00125] As previously described, the shoulder 278 of cap 256 contacts tlie top 
jsnrfaee 264 of the ring spring 258; Thus, axial loads applied to the cap 2S6 may be 
transmitted directly to the ring spring 258, pressing it down into the pocket 26jfc As the ring 
ispring 258 is pressed into the pocfeet 26fc the. tapered outside surface 268 of the ring taring 
)710 engages thetepered surface of the pocket 260, in the process cornpressing^the at least 
lone slots 262. Tins elastic compression of ring spring 258 under axial loading provides the 
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desiredshock absorption and compressiliiresistance. The size of and xwfaxM slots 
provided in the ring spring may be select^ a$ appropriate to provide the desire^ 
corapjessivecharacteristicsofthedisc. :: 

100126] The axial displacem^it of the ring spring 258 may be limited by 

5 decreasing, the depth of the pocket 260, ^decreasing the width ofthe slot 262, jby 

increasing the thickness and/or length of the shank 276, or by a combination of any or all of 
these options. Atternanvely, a coUspring or elastic layer (both not shown) may ^supplied 
in the pocket 260 to provide an upward bias to the ring spring 258. 

[00127] The disc 250, as previously stated, also includes an upper erjdplate 252. 

10 Preferably, the inner surface ofthe upper-endplate 252 includes a mating surface. 280 whidh 
is dimensioned and configured to mate with the lop surface of the eruarged body section 
274 ofthe cap 256. Preferably, the mating surface 280 on the upper endplate 252 has a , 
concave surface configured to articulate;with a convex surface formed on thetajp surface of 
the cap 256. Alternatively, the mating surface 280 may comprise a convex surface and file 

15 top surface ofthe cap 256 maybe concave. As previously described in relation'to other 

embodiments, me degree of curvature may be adjusted for either or both surfaces inorder to 
provide the desired articulation and/or trjtoslation between the upper endplate and me cap 

.•256. •• ' , ': 

[00128] In an alternative embodiment, the mating surface 280 is provided as a . 
20 separate piece fioin the upper endplate.2£2. The mating surface 280 in such a case may : 
comprise a material different from that <Sf the endplate 252 (for example, the endplate may 
ibetittmium while the mating surf^emay^aXJHMWPE). The artiaUating si^faces of 
: disc 250 may also include a surface polish or similar wear reducing finish suchias <Kamond 
' finish, TSNi finish, etc. in order to minknize wear, decrease particle generafion,rand increase 
25 ; disc fife. .. fi -J. \ - . 

.[00I29] fa an alternative em^ 
. and thri ring spring 256 may inroipoiatea* convex upper siuface 264^ articulate 
• within the mating surface 280 ofthe upj>er emulate 252* 

[00130] The disc 250 of this embodiment may comprise the additional features ■ 
30 . described previously with respect to (heather embodiments, such as migration resistant 
; structures, permanent fixation features such as porous surfaces or coated surfaces, and/or 
implant instrument attachment, guiding^and retaining structures may be included on 
; emulates 252, 254. Furthermore, the outer surfaces of the upper and lower endplates 252, 
j 254 may be substantially flat, wedge-shaped, etc. The outer surfaces of the upger and loWer 
35 | endplates 252; 254 may also be dome shaped with their radii defined in the.sagpal and. 

i * t ' ! * 
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coronal planes to generally match the shijjpe of the ends of the adjacent vertehi^l; thereby 
providing a better fit in situ. The outer surfaces may further comprise 'east oiie gniove, • 
slot, or other features appropriate to allow, the disc to be engaged by an insertion instrument 
Preferably, the upper and lower endplates 252, 254 are made from metal. However, the I 

5 upper and lower endplate 252, 254 may alternatively be made from other materials as ! 

:«••*■ :■ 

previously described. ; 

* {' :• ; • 

•100131] Disc 250 may also include stiffness restoration features such as an j 
elastic membrane, an elastomer ring, bejttbw, springs, or fluid as previously discussed in; 
relations to other embodiments. Disc 250 may also mcorpoi^e any of me shock absorbing 
10. features previously discussed in relatiWto other embodiments. j 

• [00132] Depending on the location of the spine where the- disc 250 is implanted^ 
die disc. 250 preferably restores height, lordosis, stifmess, offers compression stiffness, Ld 
allows a range of motion similar to that described in relation to previous embodiments. 1 
;• [00133] As a result of the materials, geometry, and components used, disc 250 
15 can allow flexion/extension, lateral bending, axial rotation, and translation, depending ok 
tbj loading conditions. In addition undervarious spinal loading conditions the ring spring 
258 can compress varying amounts. T^varymgcoimwession of ring spring 258 allows 
foy a moving instantaneous axis of rotation. In addition, the ring spring ^permits • 
di|ferent regions of the disc 250 to compress varying amounts. 
20 . j.' [00134] With reference to Figure 8, a sixth exemplary embodiment of an 
mfervertebral disc 300 is shown. I>isc 300 has a generally circular shape with an upper 
enppfate 302, a lower endplate 304, ands.winged leaf spring 306 having lateral ends 310, 
The disc 300, however, may take on other shapes that preferably conform geometrically; and 
ana^inically with adjacent vertebral bc^es, mcludmg, but not 1^ | 
25 shape, oval, annular, ellipsoid, C-shape,D-shape etc. Other features described previously 
: w^hrespect to the other embodiments, such as migration resistant structures, permanent : 
fixation features and/or implant mstniment attachment, guiding, and retainmg jstrocturcs 
= may also be included on the outer surfaces of endplates 302, 304. Furthermore, the outer 
; : s ^«ofmcendplat^ 

30 surfaces, of theupper and lower endplate 302, 304 may also be dome shaped with their 
napi defined in the sagittal and coronal planes to generally match the shape of the ends of 
. th^adjacent vertebral, thereby providing a better fit in situ. Preferably,.the.upper and lower 
j enjlplates 302, 304 are made from metal ; However, the upper and lower endplate 302, 304 
j «4y alternatively be made from other materials as already described. : " 
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[00135] As shown, the lowesfridplate 304 preferably includes'l cutiout 308 - 7 
\ue.; a poc!:: i) on its inner surface, the ctf-tiut 308 configured to receive at leasta center - 
portion of winged leaf spring 306. The lower endplate 304 may support the winged leaf 
spring306 along at least a portion of its lateral ends 310, and the center portion 314 of tjie 
5 leaf spring 306 sits within the cut-out 3$fc there being a gap between the bottom surfece of 
the leaf spring 306 and the bottom surface of the cut-out 308- Thus, when the leaf spring is 
subjected to an axial compressive load, the lateral ends 110 may flex, allowing Jhe center 
'■ parrionbl4ofthe leaf spring to be pressed down into the cut-out 308 untUtte bottom 1 
' surfaced the center portion contacts the bottom surface of the cut-out 308. Tie size of the 
10 initial ^p between the leaf spring and thd;cptout may be selected, along with the stiffaess 
\ of the lateral ends 310, to achieve a desired; compressive stiffness, as well as a maximum 
axial compression, of the disc 300. The lateral ends may have stiffoesses that are. 
u substantially equivalent, or their stifrhes^may be substantially different Likewise, the 
•bbttemvofthe cut-out 308 may be substdntiaUy flat or it may be angled \ 
15 ; deflection of the center portion of the leaf sjpring in a desired direction* The sti&esses ^and 
4 gaps may be selected as appropriate to mimic the properties of the patient's normal * 
: intervertebral disc, or as appropriate for the particular procedure. 

[00136] Further,/the depth of the cut-out 308 may be preferably defep enough to 
allow.the winged leaf spring 306 to flei, however, it is more preferable that the depth of the 
20 ! cut-out 308 is not so deep as to prevent failure of the flexing portions of the winged leaf 
: spring 306 as flexing of the winged leaf spring 306 provides shock absorption and 
compression resistance which is preferably designed in disc 300 to mimic the compression 
.resistance and shock absorption characteristics of the natural intervertebral disc, or that 
provides the compression resistance ap^^mate to the particular procedure. / 
25 [00137] Although cut-out 3€» is. shown as having a rectangular shape, the cut- 

1 out 308 may take on any other shape including, but not limited to circular, oval, elliptical, 
kidney-bean, or rectangular. The cut-out! 308 may be larger in dimension than the central 
) body portion 314 of winged leaf spring 306 thus allowing for transitional movement of the 
1 winged leaf spring 306 within the cut-out By allowing translation^ movement, amoving 
30 ; instantaneous axis of rotation is created which more naturally replicates the motion of a ' 

natural intervertebral disc, 
f ■ * » ' 1 I 

j* [00138} The disc 300 may inchjde an upper endplate 302 having hi inner surface 

! : comprising a mating surface 316 which- is dimensioned and configured to mate with the • 

j articulating surface 312 on the central body 314 of the winged leaf spring 306, ; Preferably, 

35 ; the mating surface 316 is concave. Alternatively, however, the mating surfacemayhave a 
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convex profile, and the mating surface 3}6 of the upper endplate 302 may be cohvexj and 
the articul&ving surface 312 of the centitf body 314 may be concave. As discussed I 
previously in relation to other embodiments, the degree of curvature of the concave/convex 
surfaces maybe selected to provide the desired amount of articulation to mimic the * 
5 properties of the normal intervertebral disc, or may be as required for the particular 
procedure- 

[00139] In an alternative embodiment the lateral ends 310 of the winged leaf 

spring 306 may have a constant thickness length and width. Alternatively, the lateral ends 

31 Oinay have a variable thickness, length, and/or width. The transition from the lateral: 

10 ends 310 to the central body 314 may be gradual such that the thickness gradually increases 

from the outer periphery of the lateral edge 310 toward the articulating surface 312 tir it 

may be fairly abrupt. In addition, the winged leaf spring 306 may include one or more slots 

or grooves in either the lateral ends (not shown) to farther increase the spring^ flexibility* 

[00140] Although shown as having a rectangular shape, the winged leaf spring 

15 : 306 may be any other shape including oval, circular* elliptical, kidney-bean, etc. Preferably 

the shape of the winged leaf spring 30$matches with the shape of the cut-out 308 formed 

on flie inner surface of the Iowa: endplate 304. The winged leaf spring 306 is preferably 

. formed; from materials including, for example, ceramics, composites, polymers ;or metals, 

such as cobalt-chromium alloys, stainless steel and titanium alloys. 

20 [00141] Alternatively, the dike 300, may include a lid or ring member (not 

. shown), configured to retain the winged leaf spring 306 in the cutout 308, thus preventing ' 

the spring 306 from dislodging, hi this; instance, the lid or ring member may be attached to 

* *•. ■***.* 

the lower endplate 304 after the winged leaf spring 306 is placed within the.cu£out 308, 

The lid or ring member may be attached to the lower endplate 304 by any fixation means 
25 . known in the art including, but not limited to pins, screws, welding, bonding, press-fit, etc. 
[00142] Disc 300 may also include stitfhess restoration features such as an 
elastic membrane, an elastomer ring, bellow, springs, or fluid as previously discussed in 
relation to various other embodiments. - Disc 300 may also incorporate additional s&ck 
! absorbing features as previously described in relation to other embodiments, for example, 
30 : manufacturing portions of the disc frond, elastomeric material, etc. 

[00143] In addition, the articulating surfitces of disc 300 may be provided with a 
sinfice polish or similar wear reducing;finish such as diamond finish, TiNr finfch, etc. in 
order to minimize wear, decrease particle generation, and increase disc life. * 

[00144] Depending on the location of the spine where the disc 300 is implanted, 
35 thedisc 300 preferably restores height,Viiatural spine curve (or sagittal balance^ stiffoess, 
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off<te compression stiffness, and allows* grange of moUon similar to that ^pribed to 
relation to previous embodiments; 

[00145] As a result of the imperials, geometry, and components used, disc 300 
can allow flexion/extension, lateral beading, axial rotation, and translation, depending on 
& the loading conditions imparted on the intervertebral disc 

: * [00146] With reference to Figure 9, a seven* exemplaiy embodiment of an : 
: ! intervertebral disc 350 is shown. Disc 350 has a generally circular shape wthanupper 
. endplate 352, a lower endplate 354, a letf spring 356 and an articulating cap 358. However, 
5 the disc 350 may take on other shapes that preferably conform geometrically and 
10 anatomically with adjacent vertebjral bo<fces, including, but not 1^^ 

shape, oval, annular, ellipsoid, C-shape; -D-shape etc. Other features described previously 
with respect to other embodiments, such as migration resistant structures, permanent ' 
fixation features and/or implant instrument attachment, guiding, and retaining structure? 
may be included on endplates 352, 354.; Furthermore, the outer surfeces of the upper and 
15 lower endplates 352, 354 may be substantially flat, wedge-shaped, etc. The outer surfaces - 
of the upper and lower endplates 352, 34;may also be dome shaped with their radii defined 
in fee sagittal and coronal planes Jo generally match the shape of the ends of die adjacent 
vertebra^ thereby providing a better fit in situ. Preferably, the upper and lower; endplates 
352, 354 are made from metal. However, the upper and lower endplate 352, 354 may 
20 alternatively be made from other materials as previously described. 

[00147] As shown, the lower endplate 354 may comprise a first;recess 362 
defined by a pair of first shoulder members 364. These shoulder members 364 are 
configured to support leaf spring 356 along a bottom surface of the.leaf spring near its outer 
perimeter, creating an axial gap between the leaf spring 356 and the recess 362. Thus,. 
25 • when an axial load is applied to the top surface of the leaf spring, it may flex toward and 
; into the recess. The pairof fim shoulder members 364 may be integrally fo^ 
lower endplate 354 or they may comprise separate pieces. 

[00148] The lower endplate:354 further may have a pair of second shoulder; 
members 365 located axially above and radially outward from the first shoulder members 
30 364; The second Shoulder members 365; are configured to engage the perimeter edge of the 
leaf spring 356, to retain the spring laterally (te. translationally) to ensure that die leaf 
spring remains centered with respect tQ the first shoulder members 364 and the recess 362, 
. thus assuring appropriate spring flexion. The second shoulder members 365 may be 
configured to restrain the leaf spring so as to prevent all translations! movement- 
35 Alternatively, however, the second shoulder members 365 may be laterally offset fron* the 
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, leaf spring.in at least one direction, thus.aflowing the leaf spring to translatfm.tke at least 
one direction. By allowing such ti^lafio^ movem 

rotation; is created, which more naturally replicates the motion of a natural intervertebral . 
disc,: ; : 
5 . [00149} A cover plate 360 may be provided to cover the leaf springs preventing 

:the leaf spring from moving axially out ftf engagement with th6 pairs, of first second 
shoulder members 364- hi this embodiment* the cover plate 360 may be attached to the top 
: surface.of the pair of second shoulder members 365, The cover plate 360 maybe attached 
to the second shoulder members 365 by^aiy fixation means known in the art including, but 

10 : iwj^ted to press-ft, welding, pins, scriews, bonding, etc. The coyer plale 360 may have 
: an outer perimeter sized to approximate, t&e outer perimeter of the lower cndplaie 354, and 
an inner opening 369 sized to accept an ikiculafion element (to be discussed in more detail 
below); The cover plate 360 inner opening may include an upwardly extending inner edge 
367 that may act in combination wife a wnesponding surface on the upper endplate 3S2 to 

15 Imdt articulation of the disc 350. The coyer plate may also be configured to acceptadisc 
insertion instrument The embodiment ^Figure 9 illustrates the leaf spring 356 as a 
separate element from the lower endplate 354, however, in an alterative embodiment 
. shown -in Figure 9a, the leaf spring 356 ifcybe integrally formed with the lower endplate 

20 : [00150J The leaf spririg 3S6xi&y be a spring-like elementthat flexes under axial 
loading to provide shock absorption, flraion and compression resistance. Thfrleaf spring 
: 356 may havea uniform thickness, or i^tbiekness may vary. In the embodiment illustrated 
in Figure 9, the leaf spring has a greater^ckness in the center than at its ends* on the 
; embodiment illustrated in Figure 9a, theieaf spring is thicker at the center andlhe ends, and 
25 . has thinner segments between the enoVapd the center, rendering the leaf spring with a 
waved shape when viewed in cross section. The leaf spring may have any thickness 
appropriate to provide the required shoc^absoiption, flexion and compression resistance. 

[00151] The leaf spring 3S6 ;toay be formed from any appropriate material 
known in the art, including, for exainplcijcltaramics, composites, polymers, or metals such as 
30 ! cobahichromium alloys, stainless steel ^titanium alloys. 

[00152] Articulating cap 35>jihay be provided with a convex upper articulation 
surface 368 and with a tower, IeaTsprm^gagmg, protrusion 370, The articulation surface 
36* may be configured to mate and articulate with a mating surface 371 formed on the inner 
surface of the upper endplate 352. Th>pnating surface 371 may comprise a concave 
surface corresponding to the convex surface of the articulating cap 358. Alternatively, the 
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upper endplate mating surface 371 may |>e: convex and the top surfece of ttfe articulating cap 
.358 may be concave. The curvatures of ike respective articulation surface 368 and mating 
surface 371 may be selected to provide the appropriate type and amount of articulation 
and/or translation to mimic the movement of the patient's natural disc, or as required for the 
5 particular procedure. 

[00153] The mating surface 371 of the upper endplate 352 may be integral with 
. . 1 the endplate, or as illustrated in Figure 9ait may be formed as a separate piece and attached 
to the endplate using any appropriate fixation method known in the art, and as previously 
. described for other embodiments. Whenformed as a separate piece, the mating surface 371 
10 I may comprise a material different from that of the endplate, such as the various materials 
described as appropriate for articulation' surfaces in relation to other embodiments* The 
mating surface 371 may be recessed intb.a raised portion 372 of endplate 352, which may : 
allow the endplate 352 to be relatively thin without limiting the radius of curvature that may 
be provided for the concave mating surface 371 and/or requiring the mating surface to be 
15 : too shallow. "/! 

* [00154] The raised portioa372 of the upper endplate 352 may comprise a raised 
; face 374 having a raised face height "h?? The raised face 374 may be configured to engage 

the upwardly extending inner edge 3ti7;gf the leaf spring cover plate 360 to limit 
. . articulation of the disc 350 in at least one direction* Alternatively, the raised face 374 and 
20 the upwardly extending inner edge 367f!may be configured to limit articulation of the disc in 
all directions. In one embodiment, the raised face 374 and inner edge 367 may be 
configured to limit articulation of the disc in a single plane only, {e.g. the medial-lateral 
plane). The raised/face 374 and inner edge 367 may comprise any combination of 
. " configurations appropriate to provide the disc 350 with the desired range of articulation in 
25 all planes. Thus, the raised face 374 height u h" may be different at different locations 
about the disc, for example, the hdght^S 9 * may be smaller on the anterior and posterior 
sides of the disc 350 and greater on the lateral sides of the disc, thus controlling the degree 
of articulation in the anterior-posterioriiErection. Alternatively, the raised face 374 and 
inner edge 367 may comprise mating surfaces, such as flat faces, correspondingly curved 
30 surfaces, angled faces, stepped faces, et£, to control the degree of articulation of the disc in 
the desired direction. 

[00155] The bottom surface of the articulating cap 358 may further comprise a 
protrusion 370 which is dimensioned anjd configured to mate with a groove 366 formed on 
the upper surface of the leaf spring 35.6*. Thus, the cap 358 may be at least partially 
35 restrained within groove 366. In one embodiment, groove 366 may be sized the same or 
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|only slightly larger than the protnision 3^ ' 
.transversely. In an alternative embodimppt, the groove may be larger than tbeprotrusion in- 
: at least one direction (e.g. along the anterior-posterior axis), thus allowing the cap 35Rto 
. move transversely Cue. translate) in that j^rection during operation. By allowing 
5 ; ttanslational movement, a moving instantaneous axis of rotation is provided. This moving 
: instantaneous axis of rotation may mor^naturally replicate the motion of a natural 
; intervertebral disc. \ r 

• • : • - ■ [: ; 

[00156] Alternatively, the pioprusiori 370 may be rigidly secured within the 

; j . 

; groove:366> thus permitting no transktipiial movement 
10 • . J00157] It is noted that althoii^h the groove and protrusion are ilhistraled as . 
hayingrsubstantially corresponding rectangular shapes, the protrusion 370 and groove d 
may take on any other appropriate sh^^known in the art including, but not Incited to 
circular, oyal* ellipsoidal, etc., to provide the requisite translational fiecdonL 

[00158] In an alternative emjbpdiment, shown in Figures 9a through 9c, the leaf 
15 spririg 356 may comprise a post 380 anjlfthe cap 358 may have a groove 382 for receiving - 
the post 380. The groove 3616 and post ^80 may be sized and configured to allow 
translation of the cap 358 with respect &[ the lower endplate 354 in at least one direction. 
When fhe groove 366 and post 380 arc ^configured to allow translation of the cap 358, the 
cover plate 360 also must be configured so that the translating cap 360 does not interfere 
with hie cover plate center opening 369^. Thus, in such a case, the center opening may be 
elongated or rectangular in the directionjof translation, 

[00159] The upper endplato,bj52 may include a recess 384 fbrreaaving an 
artfculating insert 386, the insert havingja concave surface 385 configured to articulate with 
meconv<^ardculatmgsurfai*368of^cap358. As previously described, providing a 
25 concave articulating insert 384 may provide the surgeon with greater flexibility in selecting : 
the appropriate material to comprise th^aruculating surfaces while not affecting the 
material of the endplates 352, or otherwise affecting the design or installation of the other 
components of the disc 350. Thus the insert 384 may be formed of any appropriate material 
known in the art mclndmgbm not Kirn^ to polymers including rigid polymers, such as 
30 PEEK or UHMWPB, ceramics, composites or any combinations thereof. 

[00160] When an articulath|^ insert 386 is provided, the recess 384 in the upper 
endplate 352 may comprise a surface configured to retain the insert 386. The recess may 
comprise a radial ridge configured to 4t withm a amesponding radial groove m 
such that the insert may be snapped info; the recess. Alternatively, the insert may be. 
attached to the recess via a press fit, by* using a bonding agent, or any cmnbination thereof 
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[00161 J M an alternative embodiment, disc 350 may also mcluae stiffness 
restoration features such as an elastic membrane, an elastomer ring, bellow, spiipgs, or fluid- 
as previously discussed in relations to other embodiments. Disc 350 may also incorporate 
additional shock absorbing features as previously discussed m relations to other 
5 .embodiments.. 

[00162] In addition, as discussed with, previous embodiments, the articulating* 
i surfaces of disc 350 may include a surface polish or similar wear reducing finish such as 
diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle generation, 
and increase disc life. 

10 **. [00163] The disc 350 endplates may have migration-r^istant structures pmvided 
on *he outer surface of at least one or b6th of the endplates to impede movement, 
disiod^ng, or expulsion of the endplates within and from the ends of the adjacent vertebrae. 
The migration-resistant structures include, but are not limited to, flaps, spikes, tee% fins, 
"deployable spikes, deployable teeth, flexible spikes, flexible teeth, alternatively shaped 

15 . teeth, insertable or expandable fins, screws, hooks, serrations, nbs, and textured surfaces, 
[00164] Furthermore, the upper and lower endplates of disc 350 also may be 

• coated with a bone growth inducing or conducting substance to promote bony ingrowth to 
permanently secure the disc to the adjacent vertebrae. Alternatively, the upper and low^r 

• endplates may have a roughened surface; a porous surface; laser treated endplate layers; 
20 • integrate an osteoconductive/osteoindufetive scaffold; or may be provided with er made 

fiom an integral osteoinductive and/dr osteoinductive material to promote bony ingrowth. 

[00165] Depending on the location of the spine where the disc 350 is implanted, 
the disc 350 may restore height, lordosis, stillness, offer compression stiflhess, and allow a 
range of motion intended to mimic that of the natural intervertebral disc, or as required fi>r 
""25 : the particular procedure. i • 

[00166] Asaresultoftheriiat^^ 
can allow flexion/extension, lateral beading, axial rotation, and translation, depending on 
the. loading conditions imparted on the&tervertebral disc. 

[00167] With reference to Figure 10, an exemplary installation procedure will be 
30 described. Generally speaking the disc : 400 may include an upper endplate 402, a lower 

endplate 404 and a core mechanism 4flfe, Ac core mechanism being any spring, slotted core, 
ring spring, leaf spring, coil spring, elastomer, fluid filled or articulating disc previously 
described herein. The intervertebral d£sc 400 may be implanted in a modular fashion, for 
.* example, the endplates 402, 404 of disc 400 may be inserted into the intervertebral cavity. 
35 * using instruments such as a distractor and/or holder instrument. The intervertebral disc 
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spacemaythen.be distracted using a standard spinal dtstractor which engages t&e endplates 
402, 404. Trial- spacers may then be used! to determine the appropnate size the r^re 
mechanism 406 to be inserted in the resulting disc space. In an exemplary, embodiment, the 
core mechanism, 406 is inserted and attached to cndplates 402, 404 through the use of a 
5 dovetail, slot, or similar connection. Thislmodular insertion technique may avoid over- 
distracting the intervertebral space, which may damage surrounding tissue and/or blood 
" vessels. i 

(0Q168] Alternatively, the intervertebral disc 400 may be inserted preassembled * 
. with the use of particular insertion tools. For example, an endplate holding clip may be . 

10 used that allows the endplates 402, 404 to be held and locked in a parallel and spaced 

relationship as they are inserted into theintervertebral space. Once implanted,: the clip may 
be unlocked and removed from the endplates 402, 404. The clip may then be removed from 
the intervertebral space. In addition, the disc 400 may be implanted in a compressed state 
to prevent over-distraction. The introduction of the disc 400 in a compressed state may be 

1 5 accomplished via a surgical insertion instrument or by an internal mechanism located in the 
disc 400. >. 

** *. 

[00169] An anterior, lateral,:©* anterolateral surgical approach mayfbe used for 

the intervertebral disc 400. Furthermore, depending on the intervertebral, disc 400 to be • 

implanted, a minimally invasive surgical method or a simultaneous distraction and 

20 implantation surgical method may be used. Simultaneous distraction and implantation may 

. be accomplished, for example, by using slots formed on the outer surface of tlte endplates * 

402, 404 to guide the implant down thadistractor during implantation. Also, depending on. 

• the intervertebral disc to be implanted, ah: artificial Anterior Longitudinal Ligainent or the 
natural Anterior Longitudinal Ligament may be attached directly to the disc or to the 

25 adjacent vertebral bodies. Attachment of the Anterior Longitudinal Ligamentjmay assist in 
pneventing movement, dislodging or collision of the implant To assist with the 
implantation of the intervertebral discsjthe intervertebral discs may include alignment 
:.. markers. 

[00170] While various descriptions of the present invention are described above, 
30 it should be understood that the various features can be used singly or in combination 

thereof Therefore, this invention is not to be limited to the specific preferred' embodiments 
. depicted herein. 

[00171] Further, it should be understood that variations and modifications within 

• the spirit and scope of the invention may occur to those skilled in the art to which the 
35 ; invention pertains. For example, some portions of the implants disclosed heremimaybe 
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formed of bone, such as allografts, auto^afts, and xenografts, which may be partially or 
fully demineralizecL In addition, some Miplants may include bone m^srial or other bone 
growth inducing materia! in their interiorsjor. on/in their endplates. Such substmces in the 
interiors may be permitted to interact with -the surrounding anatomy* as with channels or 

5 other Wholes formed in the implant walls.:* Also, intra and post-operative alignment markers . 
may be used to assist with implantation of the intervertebral discs. Furthermore, the 
intervertebral discs can be made rigid hi situations where fusion is necessary. The 
intervertebral discs may be made rigid by, for example, allowing fusion between, the * 
endplates, inserting spacers between th^endfclates, or by injecting a solidifying liquid . 

10 between. the endplates. Accordingly, attexpedient modifications readily attainable by one 
versed in the art from the disclosure set forth herein that are within the scope and spirit of 
the present invention are to be includedas further embodiments of the present invention. 
The scope of the present invention is accordingly defined as set forth in the appended 
claims. 
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the Claim*: * 



Wuat is claimed is 



cpmprising: 



1 . An intervertebral disc fori placement between first and second vertebrae 
sing: 

an upper endplate having a firstinner surface and a first outer surface, the firet outer 
surfoce configured to contact the first vertebra: 

! s . • h lower endplate having a seconiumer surface and a second outer surface, the 
second outer surface configured to contact the second vertebra; 

. a membrane extending between the upper endplate and the lower endplate; and 
10 , at least one resilient member disposed between the upper and lower endplates; the 
resilient member associated with at least one arcuate surface member configured to 
articulate within at least one socket associated with at least one of the endplates. 



i : 2. The intervertebral disc according to claim 1 , wherein the at least one resilient 
member fiirther comprises a first end and a second end, the first end assodated,witbthe 
15 frcuate; surface member, the second end;disposed within a recess formed in the inner 



tes. 



| 3. The intervertebral disc according to claim 1 or2, wherein the at least one 
jmmate surface member is fixed within die recess formed on the inner surface of one of the 
endplates. 

i . • .... 

J • •. • 

2Q j 4. The intervertebral disc abiding to any one of me preceding clauhs.l -3, ' 

|vherem the at least one resilient member further comprises first and second ends, each end 

fimhe* being connected to a separate aicuate surface member. 

j . " 5 - . The intervertebral disc a^rding to any one of the preceding daims 1-4; 
jwhefcem the at least one arcuate noembej- and the resilient member are configured to. allow 
25 itauislafional movement between the upper and lower endplates. 

. i- .} 

&. TheinteireTtebiMd^;accoidmgtoany oneof Ae preceding claims 1 - 5, 
jwherein the at least one resilient member comprises at least one first resilient. member and a 
jplurality of second resilient members. : 

!: n' • 

!■ : - : - 

j -7. The intervertebral disc according to claim 6. wherein the at least one first 
30, jK^tineinbeTbasafiretsprm^ 

isecond spring constant, the first and second spring constants being substantia^ unequal. 
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8. ' The intervertebral disc adding to claim 7, wherein the fiSts^ng constant, 
is substantiaUygreater than tk; second spmg constant •/(" 

9. The intervertebral disc according to claim 8, further comprisingfa^bird 
resilient-member, the second and third resilient members disposed nearer to a.peripheral 

5. ; edge of the disc than the first resilient member. ; '\ 

10. The intervertebral disc acfording to claim 6, wherein the first ; r^iient 
^member and the plurality of second resident members are each attached to at l?ast one. 
.respective arcuate surface member configured to articulate within a corresponding 
.respective socket formed on the inner surface of one of the endplates. . ; ' • 

10 11. The mtervertebi^ disc ac^rding to 

further comprising at least one elastomeric strut disposed between the uppera^T lower :• 

i • : 

12. ; The intervertebral disc according to any one of tbe preceding cjaims 1 - 1 "1* 
1 further comprising a casing member disposed adjacent the at least one resilient member, 

.15 casing member having an articulating surface configured to engage the arwi^Surfkce ; 
member associated with the resilient member. . 

13. The intervertebral disc according to any one of the preceding cteims 1 r 12, : 
. wherdn the resilient member and arcu^ Surface member are to^ 

14. The intervertebral disc according to any one of the preceding claims 1 r. 13; . 
20 »* former comprising a membrane 

membrane encapsulates at least a portion of the at least one resilient member.; * - 

15. The intervertebral disc according to any one of the preceding claims 1 ^ lft [ 
. wherein the membrane encapsulates the upper and lower endplates, 

* - .* * 

1 6. The intervertebral disc according to any one of the preceding claims 1 • 15, 
25 wherein tbe membrane is formed of an elastomeric material. 

17. The intervertebral disc according to any one of the preceding djaims 1 - 16, 
. wherein the membrane comprises a bellow. 
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18. The intervertebral disc according to any one of the preceding elkims 1 - 17, ~* 
. whereinthe endplates and membrane define an interior volume, the volume being at least 
partially filled with a fluid. ! 

19. The intervertebral disc according to claim 18, farther comprising a valve in : 
5 communircdion with the volume for at l^ast partially filling the volume with the fluid. 

.1. 

20. The intervertebral disc according to claim 1 8 or 19, wherein the fluid is 
compressible, t 

21. The intervertebral disc according to claim 18 or 19, wherein the fluid is 

• i .... - 

incompressible. * * 

• ?•/ 
10 22. The intervertebral disc according to any one of the preceding claims 18 - 21, 

wherein the membrane is at least senri-^meable. 

23. The intervertebral disc according to any one of the preceding claims 18 22, 
wherein the membrane is non-penneabia 

• " 1 . V =••':' • 

24. : The intervertebral disc aijqonling to any one of the preceding claims 1 - 23, 
15 wherein at least one of the endplates is formed from a material selected from the group 

consisting of metal, polymer, ceramic composite. \. 

25. The intervertebral disc according to any one of the preceding claims 1-24, 
wherein at least one of the endplates is fanned of bone material selected from: the group 
consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or partially : 

20 demineralized bone. k 

26. The intervertebral disc Recording to any one of the preceding claims 1 -25, « 
further comprising migration-resistant slmctures disposed on at least one of the first and 
second outer surfaces. ; 

* * t * : 

5 - 

27. The intervertebral disc according to any one of the preceding claims 1 - 26, 
25 further comprising permanent fixation ipeansdisposedonatleast oneof the toand 

: second outer surfaces- 

I ; . : ' 

28. The intervertebral disc according to any one of the preceding claims 1 - 27, ; 
. farther comprising implant instrumentation attachment, guiding, or retaining structures 

disposed on at least one of the first or second end plates. 
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29. The intervertebral disc for/placement between first and second ^fiertebrae 
comprising: 

a first endplate having a first inner surface and a first outer surface, the first outer 
'surface contacting the first vertebra; 

"* ' JL* • 

5 a second endplate having a second inner surface and a sfecond outer surface, the; 

secondouter surface contacting the second vertebra; 

a membrane extending between ifce first and second endplates; and 
at least one leaf spring disposed between the endplates, the leaf spring haying first 
and second ends, the first end attached to-fhe first endplate and the second end configured ti> 
10 be movable laterally along the inner surj&ce of the first endplate in response to ja force on 
the leaf spring. 

30. The intervertebral disc according to claim 29, wherein the leaf spring second 
end further comprises a roller configinrejd to allow the second end to roll along the inner i 
surface of the first end plate in response* to a force on the leaf spring* 

15 31. The intervertebral disc ^cording to claim 29 or 30 

further comprises an axle for pivotably mounting the roller. 

32. The intervertebral disc ap^ding to any claim 31, wherein the roller 
. comprises a rounded end. 

33. The intervertebral disc afcfcording to any one of the preceding claims 29 - 32, 

20 wherein the leaf spring further comprises an intermediate portion disposed between the first 

■ . •. . . t ' • • • • 

and second ends, the intermediate portion having an articulating surface configured to mate 
• /• •■»* 

vntb. the inner surface of the second endplate. 

34. The intervertebral disc according to claim 33, wherein the inner surface of 
the second endplate further comprises an articulating surface configured to mate with the 

25 articulating surface of the leaf spring mtennediate portion. 

35. The intervertebral disc according to claim 33, wherein the innc* surface of • 

r.* • ■". ■ .* 

the second endplate further comprises a pad configured to mate with the articulating surface 

of the leaf spring intermediate portion/, : 

. 36. The intervertebral disc according to any one of the preceding claims 29 - 35, 
30 1 further comprising a membrane disposed between the upper and lower endplates, the -j 
; membrane encapsulates the leaf springy 
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37. The intervertebral disc according to aay one of the preceding clafiris 29 - 36, 

wherejnihe membrane encapsulates the:upper and lower endplates. • 

r ; 

38. The intervertebral disc according to any one of the preceding claims 29 - 37, 
' ^herein, the membrane is formed of an elastomeric material j 

5 ; 39. The intervertebral disc according to any one of the preceding claims 29 - 38, 
[wherein the membrane comprises a bellow, j 

\ : ' ' \ ' 

f . . 40. * The intervertebral disc according to any one of the preceding claims 29 -39; 

i . b : . * * j 

| whejein the endplates and membrane define an interior volume, the Volume being, at least. 

. ^partially filled with a fluid. 
- .* * * * 

10 41. The intervertebral disc according to claim 40, further comprising a valve in 

| communication with the volume for at least partially filling the volume with the fluid; 

• . * . »* ■ 

f 42. The intervertebral disc according to claim 40 or 41 , wherein the'jGtmd is 

| compressible. 



\ 43. The intervertebral disc according to claim 40 or41, wherein the £uid is 

15 ? incompressible. 1 

i • ; • ' I * 

; 44. The intervertebral disc according to any one of the preceding claims 40 - 43, 

wherein the membrane is at least scmi-penneable. 

45. Theinteiverfebt^discajxordingtoanyoneofthep 
wherein the membrane is non-^pexmeable. 

» 

20 j '] ' 46. The intervertebral disc according to any one of the preceding claims 29 - 45, 
j wherein at least one of the endplates informed from a material selected from die group 

consisting of metal, polymer, ceramic and composite. 

. • — * 

47. The intervertebral disc ftpewding to any one of the preceding claims 29 - 46, 
wherein at least one of the endplates is formed of bone material selected fiomtke group 
insisting of cortical, cancellous, allograft, autograft, xenograft, demineralizedj or partially 
demineralized bone. ; 

48. The intervertebral disc awarding to any one of the preceding claims claim 
29 - 47, further comprising migration-resistant structures disposed on at least toe of the first 
and second outer surfaces. "5 
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49. The intervertebral disc according to any one of the preceding claims 29 - 48> 
further comprising permanent fixation means.disposed on at least one of the first and 
second outer surfaces. . r 

50. The intervertebral disc according to any one of the preceding clsBms 29 - 49 r 
5 wherein at least one of the endplates is formed of bone material selected from the group 

consisting of cortical, cancellous, allograft^autograft, xenograft, demineralized or partially 
deminerafized bone. 

51. An intervertebral disc for placement between first and second vertebrae 
comprising: 

10 a first endplate having a first in^ 

^surfececontactmg^ef□^tvertrf)ra; .; 

a second endplate having a second inner surface and a second outer sni&ce, the 
second outer surface contacting the second: vertebra; 

a membrane extending between |b£ first and second endplates; 
15 an articulating member disposed; between the first and second endplates, the 

articulating member having a first and second surface, the first surface being configured to 
irate with the inner surface of at least ofce endplate; and 

a shock absorbing element disposed between the second surface and one of the 
endplates. ;* 

20 52* .The intervertebral disc according to claim 5 1 , wherein the inner surface of 

one of the enddplates further comprises an articulating surface configured to njate with the 
articulating member. 

•** 

53- The intervertebral disc according to claim 51 or 52, wherein the articulating 8 
sur&ce further conqjrises an articulating pad. 

'f - . |r 

25 54. Tlje intervertebral disc according to any one of the preceding cljanis 5 1 - 53, 

wherein the articulating surface further, comprises a recess sized and configured receive at 
least a portion of the articulating pad, the recess further configured to allow the articulating 
pad to translate in at least one direction with respect to the articulating surface, 

55. The intervertebral disc according to any one of the preceding claims 5 1 - 54y 
30 ; further ^comprising a membrane disposed between the upper and lower endplates, the 

j membrane encapsulates the articulatingmember. 

I * ** 
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56* The intervertebral disc acdpjrding to any one of the precedii^.cla&£ 5.1 - 55* 
wherein the membrane encapsulates the first and second endplates. 

• " * 

57- The intervertebral disc according to any one of the preceding claims 51-56, 

- » 

wherein the membrane is formed of an efostomeric material. 

** f , . § 

5 58. The intervertebral disc according to any one of the preceding claims 51 - 57,/ 

wherein the membrane comprises a beUq#, and wherein the bellow encapsulateslat least the 
. shc^ absorbing element J 

; * * • * * "< . )r ' • i \ * • 

1 59* The intervertebral disc according to any one of the preceding clmnis 51 - 58, 
wherein the. endplates and membrane define an interior volume, the volume bemjg at least 
1.0 pattteliy filled with a fluid ': 

60. The intervertebral disc according to claim 59, further comprising valve in : 
.communication with the volume for at Idadt partially filling the volume with thefQuid. ' 



-r 



61> The intervertebral disc according to claim 59, wherein the fluid [is 
"compressible. . ] 

* h :l : 

15 : ^2. The intervertebral disc according to claim 59 or 60, wherein the ^'d is 
; incompressible. ; * 

63 - The intervertebral disc according to claim 59 or 60, wherein the tnembrane is 
: at;l^t«emi-penn«ble^ 



20 



64. The intervertebral disc according to claim 59 or 60, wherein thpitoembranais 



j * ;65. The intervertebral disc fording to claim 51, wherein at least dzze'pf the 
; endplates is formed from a material selected from the group consisting of metal, polymer, 

i ceramic, and composite. \ \ * 

I . * . ,i ** 

66. TheimeiYeit«*raId^ 
15 wherein at least one of the emulates is fenned of bone material selected frcMxti group 
consisting of cortical, cancellous, aUog^sift, autograft, xenograft, demineralize^or partially 
demineralized bone. 
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i 67. The intervertebral disc according to any one of the prec^Sng- claims 5 1 r 66, 

further comprising migration-resistant structures disposed on at least one of t^e first and . 
..second outer surfaces. > % j 

68. The intervertebral disc acctoding to any one of the preceding cfoims.5 1 - 67, 
5 further comprising permanent ffacationiieai^ disposed on at least one of the firat and 
j second outer surfaces. • 

i 69. The intervertebral disc according to any one of the preceding claims 51 - 68,. 

: further comprising implant instrumentation attachment guiding, or retaining structures . 
disposed on at least one of the first andsecond inner and/or outer surfaces, : 

10 70. The intervertebral disc f$r placement between first and second yertebrae;- 

/ comprising: j • . 

a first endplate having a first toner surface and a first outer surface, ]the first outer 
i surface contacting the first vertebra; ^ 
; a second endplate having a second inner surface and a second outer suifece,.the 

15 \ second outer surface contacting the second vertebra; and 

a slotted core disposed betweenfthe first and second endplates, the slotted core. ' 
' having a first and second surface, the first surface configured to mate with a pocket formed 
; on the inner surface of first endplate, and the second surface comprising an articulating 
| surface configured to mate with a corresponding surface associated with the second * 1 

20 !. endplate. 

71. The interverteimd disc ^ 

having a first diameter and the pocket laving a second diameter larger than fce first \ ' 
diameter so that the slottedcore may translate within the pocket 

■ * 

72. The intervertebral disc according to claim 70 or 71, further comprising*^ 
25 disposed between the first and second endplates, the lid configured to engage at least a - 

portion of the pocket and the slotted core to axially retain the core within the pocket 

73. The intervertebral disc according to any one of the precedingclaims 70 - 72, 
wherein the second surface of the slotted core is configured to articulate within the second 
endplate corresponding surface. 
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74. The intervertebral disc according to any one of the preceding etoims 70 - 73, 
further; comprising a membrane disposdd between the upper and lower endplates, the . 
meiftbrane encapsulating at least the sliced core and pocket. 

* • : j y . 

75: The intervertebral disc according to claim 74, wherein the membrane ftrtber 

'i. 

5 encapsulates the upper and lower endplates* 

76. The intervertebral idisc according to claim 74, wherein the membrane is 

* ■ '*"* . 

formed of an elastomeric material . ' 

" 4 ; ? * \ . ; " ! ! : ' 

* 77. The intervertebral? disc Recording to any one of the preceding claims 74 - 76, 

i ..... 

wherein themembrane comprises a beljow. [ 

'l s * » **'-' 

: ' » 

10 78. The intervertebral disc according to any one of the preceding claims 74* 77, 

wherein the endplates and membrane dtefine an interior volume, the volume being at least 
pa&atty filled a fluid. : , 

79. . The intervertebral disc according to claim 78, further comprising a valve in 
. cojbmunication with the volume for attjTeast partially filling the volume witb'Bie fluid. 

: • 1 * 

15 • 80. The intervertebral disc according to claim 78 or 79, wherein the fluid is 

.; • • ' 

compressible, 

. .81. The intervertebral disc {according to claim 78 or 79 T wherein the flmd is I 



. 82. The intervertebral disc- 4c?cording to any one of the precedh^ claims : 7Q 1 Rl 9 * 

20 wherein at least one of the endplates informed from a material selected from the group 

. * * * ••■•», * 

; consisting of metal, polymer, ceramic&nd composite. 

»*".*■ * t* 

t : 83* The intervertebrf disc^cordingto any oneof the preccdingclaims 70 - 82, 
wherein at least one of the endplates isyfoimed of bone material selected from the group 
i consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or partially 
25 ! demineralized bone. 

i V 

84. . The intervertebral disc^drding to any one of the preceding claixns 70 -«3, 
further comprising migration-resistant! structures disposed on at least one of the first and 
sebandnuter surfaces. " ! 



46 



WO 2004/016217 



PCT/US2003/025536 



: 85. The intervertebral disc ^orfingto anyoneofmepreced^g<^#ns70 - 84, 
• further: comprising permanent fixation peons disposed on at least one of the first and 
.second outer surfaces. •; _ 

86. The intervertebral disc jjf^rding to aoy one ofthc preceding Cl^ms 70 -85,. 
5 fWher comprising implant instrament£$on attachment, guiding, or retaining structure 

■ disposed on at least one of the first and second inner or outer surfaces, 

* 87. t An intervertebral disc fbr placement between first and second vertebrae 
* i conipiisittgr * « • ' 

: ; ; . a first endplate having a first inher surface and a first outer surface, die first outer 
10 surface contacting the first vertebra; j' 

* * a second endplate having a secdn&mner surface and a second outer surface, the 

■ second outer kurface contacting the seednd vertebra; 

1 ' ~ • a cap having a top surface and Jjpttom surface; the top surface being configured to 
mate with the* inner surface of the firstjeodplate; and 
IS \ - r a ring-spring disposed betweei*1he bottom surface of the cap and the inner surface of 
: the second endplate. • 

■ • » - : V : 

t • • « 

88. The intervertebral disc Recording to claim 87, wherein the ring spring has 
first and second surfaces, the first surfkee configured to mate with the bottom surface of the 
: cap, and the second surface configured .to.raate with the pocket formed on the Timer surface- 
20 . of theteecond endplate. i 

f 89. . Hie intervertebral disc kecordirig to claim 87 or 88, further comprising a slot 
: defining a gap between first and second end faces of the ring spring, whereiiithe gap is 
sized to allow the ring spring to resiliently compress so that the end faces approach each 

other when a compressive force is placed on die ring spring by the cap, 

t * 

25 90. The intervertebral disc (according to any one of the preceding claims 87 - 89, 

" the ring spring further comprising a first diameter, and the bottom surface of the cap having 
an axial protrusion comprising a second diameter, the first diameter being substantially 
larger than the second diameter, wherein when the bottom surface of the cap engages the 
top first surface of the ring spring, the cap may translate with respect to the ring spring. 

• ! ' i * * * " • 

30. 91. The intervertebral disaccording to any one of the preceding claims 87 - 90, 

. further comprising a plurality of slots jlbcated between lhe first and second surfaces, the 

\ 
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; slots operative to render at least a.portion:Of the ring spring resiliendy coi^res^lerwheti a 
| compressive force is placed on the lingering by the cap. 

92. The intervertebral disc according to claim 91, the protrusion comprising $ 
- ; • 1- * # 

radial lip having an outer diameter largfc than the first diameter of the ring spring, the lip 

5 allowing the cap protrusion to be press -[fit into the ring spring first diameter. 

93. The intervertebral disc according to any one of the preceding claims! 87 -:92,. 
further comprising a lid disposed between the first and second end plates, the lid configured 
to engage.at least a portion of the pocket , and either the ring spring or the cap to axially : 
rbtam the ring:Spring and the cap within the pocket 

10 94. The intervertebral disc according to any one of the preceding claims. 87 493, 

further comprising a membrane disposed between the upper and lower endplates. 

f. 1 . * » t . * 

t * . 

i* . 

95. The intervertebral disc according to any one of the preceding claims !?7-;;94, 
further comprising a membrane disposed between the upper and lower endplates, th$ ; 
membrane encapsulating at least the cap, ring spring and pocket. 

15 96. The intervertebral disc according to claim 95, wherein the membrane 

encapsulates the upper and lower endplates, 

97* The intervertebral disc according to claim 95 or 96, wherein the membrane is 
formed of an elastomeric material. 

98, The intervertebral disc according to any one of the preceding claims 95 - 97; 
20. wherein the membrane comprises a bellow. : j 

. ' 99. The intervertebral disc Recording to any one of foe Receding clainre 95> 98» 
wherein the endplates and membrane define an interior volume, the volume being at least 
partially fiHed a fluid. i f 

100. The intervertebral disc accprding to claim 99, further comprising a valve in 
25 commuimication with the volume for atJeast partially filling the volume with the fluid 

101. The intervertebral disciocording to claim 99 or 100, wherein the fluid is 
incompressible. 

1 

\ ' m • . • . : . 

102. The intervertebral disc .^cording to claim 99 or 100, wherein the ftuifiik 
compressible. 
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. 1 03. The intervertebral disc according to any one of the preceding claims 87 - 
102, wherein at least one of the endplaljes is formed from a material selected from the group 
consisting of metal, polymer, ceramic and composite. 



104- The intervertebral disc according to any one of the preceding claims 87 - 
5 103, wherein at least one of the endplates is formed of bone material selected from the : * 
group; consisting of cortical, cancellous, allograft, autograft, xenograft, deroineialized or : 
; • partially demineralized bone. . - : ; 

' ? i ' • 

1 05. The intervertebral disc Recording to any one of the preceding claims 87 - , 

lb4, finther comprising migration-resistant structures disposed on at least one of the first : 
0 . and-second outer surfaces. ; : 

106. The intervertebral disc according to any one of the preceding clagns87-r : 

105;. ftirther comprising permanent fixation means disposed on at least one of the first and 
! t . • . 

second outer surfaces. 

• • > . : t 

J* ' * 

107. The inteivertebral disc Recording to any one of the preceding claims 87- 
15 106, further comprising implant instrumentation attachment, guiding, or retaining 

structures disposed on at least one of the first and second inner or outer surfaces. 

108. An intervertebral disc for placement between first and second vertebrae 

, ocanpristag: f ! , 

a first endplate having a first inner surface and a first outer surface?, the first outer . 
10 . surfeee :contacting the first vertebra; j 

a second endplate having a secpnd inner surface and a second outer surface, the 
second outer surface contacting the segbnd vertebra; * \ 

a leaf spring having first and second resiUent ends, configured to engage the seamd 
. endplate, and a length, the leaf spring fiirther comprising a central body having first and* 
IS second surfaces, the first surfeee comprising an articulating surface. 

1 09. The intervertebral disc according to claim 108, wherein the second endplate: 
further comprises a recess haying a length smaller than the leaf spring length, wherein when 
the leaf spring engages the second endplate so that the first and second resilient ends are 
supported on the inner surface of the endplate and the centra) body is positioned over the : 

10 endplate recess, at least a portion of tlie central body may move into the recess, when a : 
compressive force is applied to the leaf spring first surface allowing the second surfeee \6 . 
contact the recess surface. 
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• 110. The intervertebral disc according to claim 1 08 or 1 09, the recess; further 
comprising a recess surface, the leaf spring second surface and the recess surface 
configured to define a gap therebetween so that when a predetermined compressive force is 

. . applied to the leaf spring first surface the ^ leaf spring second surface contacts least a 
5 ; portion of the recess surface. j 

i • i * 

• * * 1 , ; 

- 111. The intervertebral disc Recording to any one of the preceding claims 109 - 
1 10, wherein the central body and the recess are configured so that the leaf spring may 

. translate in at least one direction with respect to the second end plate. 

** « » 

* 112. The intervertebral disc according to any one of the preceding daims 108 ~ 
10 v 1 11, ^herein the first endplatc further comprises an inner surface having an articulating 
surface configured to correspond withfhe leaf spring articulating surface. 

113. The intervertebral disc according to claim 112, wherein the articulating, 
surfeces are configured to allow the leaf spring to articulate, and to translate, relative to Hie. 
■ first endplate. : f : ' : 

15 ; 114. The intervertebral disc according to any one of the preceding cbrims 108 r 

1 13, further comprising a membrane disposed between the first and second endplates. 

1 15. The intervertebral disc according to claim 1 14, further couqrasing a 
membrane disposed between the upp<^.and lower endplates, the membrane encapsulating^, 
least the leaf spring: : ' 



20 J 116. 



The intervertebral disc-ateMding to claim 1 14 or 1 15, whereinthe 



: membrane encapsulates the first and second endplates. 

117. The intervertebral disc ;i|ira>idingto 
116, .^erein tbemembrane is formedfpf an elastomeric material. 

! 11.8. Themtervertelmddisc^coiTdin^ 

'25- 117,wh«r«nAememl^anecon^)rise»abeJlow. 

• 1.1 : 

119. Theinterv^d^disc^scowlm 
1 18, wherein the endplates and membftme define an interior volume, the volume being at 
leastpartiallyfilledaflnid. • • 
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.120. : The intervertebral disc according to claim 119, ftnlher compi^g alvalve in 
communication with the volume for at least partially filling the volume with the fhiid. 

121. . The intervertebral disc according to claim 119 or 120, wherein the fluid is 
incompressible. 

122. The intervertebral disc according to any one of the preceding claims 108 - ' 

121, wherein at least one of the endplafcs is formed from a material selected from the group 
consistfng of metal, polymer, ceramic arid composite. 

\ «-"..: » 

123. The intervertebral disc according to any one of the preceding claims 108;- 

•<■ . ; ....... . ' j 

122, wherein at least one of the endplates is formed of bone material selected from the 

' group consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or 
partially demineralized bone. : 

124. The intervertebral disc according to any one of the preceding dlaims 108= 

123, further comprising migration-resistant structures disposed on at least one of the first 
and second outer surfaces* 

« •* 
; 125. The intervertebral disc according to any one of the preceding claims 10$- • 

124, further comprising permanent; fixation means disposed on at least one of the first and 
second outer surfaces. \ 

* 126. . The intervertebral disc according to any one of the preceding claims 108 

125, further comprising implant instrumentation attachment, guiding, or retaining structures 
disposed on at least one of the first and : second inner or outer surfk^s* ' 

127. An intervertebral disc for placement between first and second vertebrae 
comprising: 

" a first endplate having a first inner surface and a first outer surface, die firs* outer 
surface configured for contacting the first vertebra; 

. a second endplate havmg a secpnd inner surface and a second outer surface, the ' • 
second outer surface configured for contacting the second vertebra; 

a first articulation member having- a first surface associated with the first endplate, 
a leaf spring having at least a first surface associated with the second endplate and a 
second surface associated with a second surface of the first articulation member; : 
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: therein thei first articulation member iiponfigured to allow the first and secdnd endplates 
to aitf culate with respect to each other,iand the leaf spring is confined to allow die end 
platesio approach one another in response to a compressive force applied to at least one of 
the end plates. • 

: . I \: 

5 . : : 128; The intervertebral disc dceording to claim 127, wherein at leatf one <>f the 
first endplate inner surface and the firs| articulation member first surface comprises a 

* concave surface, the other surface being convex, the surfaces configured to allow the 
articulation: member to articulate with respect the first endplate. 

* * ' . 12*. The intervertebral disc according to claim 127 or 128, wherein the first 
10 endplate inner surf ace comprises a conrave shape, and the first arti^^ 
wmprises a corresponding convex shape- 

\ ! V . 

. 13CX The intervertebral disc according to any one of the preceding dlaiins 127 - 
129, further comprising a second articiilation member having a first sur&ce.associated with 
the fisst endplate inner surface and a second surface associated with the first Wiculation 

x i 

15 member, first surface; 

:. : . h \ . [;•• *= • • 

131. The intervertebral disc fording to claim 130, wherein the second 
articulation member second surface is fconcave and configured to corresponds a convex 

first surface of the first articulation m4nber. 

: * I *• • 

; * . t I 

: ' 132. The intervertebral disc according to claim 131, wherein the concave and 
20 convex surfaces are configured to allow both articulation and translation between the 

• articulation members. i - 

" . : i ■ ii 

f ■ 

: 133. ^einterverte^disc4coordingtoanyo 
132, wherein at least one of the articulation members comprises a material fljat is different 
fomtfreri^erialofoneofto^ 

{• ' 

25 • 134- The intervertebral disc ftccording to any one of the preceding felaims 127 - 

133; wherejin the first endplate inner s&face and the articulation member first surface are 
further coi^figured to allow the articulation member to translate relative to the first endplate, 

• 135. The intervertebral disc According to any one of the preceding claims 127 - 
134, the second endplate further comprising a recess in the second inner sur&ce, the leaf 
30 spring having a length sufficient to spin the recess so that at least opposite ends of the leaf 
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■ ^rifig;afe siq>ported by the inner surfa 
posifitoed over the recess, wherein when the central portion may rave into die recess when 
a compressive force is applied to a second surface of the leaf spring. 

136, The intervertebral disc according to claim 135, the second endjrtate further 
5 comprising a perimeter edge sized and-jeonfiguxed to allow the leaf springtb translate with 

respect to the second endplate in at least one direction. 

i *.** * 

:. -? . • 

137. The intervertebral disc according to claim 1 35 or 1 36, the seccmd endplaib 

1 further comprising a perimeter edge sfcedand configured to prevent the leaf spring from 

* *. * * . . i 

. translating in at least one other direction. 

\ ' **■ 

10 ; 138. The intervertebral disc according to any one of the preceding claims 134 • : 

. 137; the leaf spring second surface further comprising a recess configured to accept a 

t . • ? i 

projection formed on a second surface-bf the articulation member. 

139, The intervertebral disc according to claim 138, wherein the recess and \ 
projection are sized and configured to allow the articulation member to translate in at least 

IS onejdirection relative to the leaf spring.. : 

• ' " • - I ?: • : 

. ' 140. The intervertebral disc according to any one of the preceding claims 136:- 
139^ further comprising a cap memberconfigured to engage at least a portion ©f the second 
endplate, and to cover at least a portion of the leaf spring to prevent the leaf spring from 
iodaHy disengaging from the second endplate. 

20 f 141. The intervertebral disc according to any one of the preceding Safins 135 - 

; 140, tie-cap member further comprising at least one raised ridge configured to contact at 

; least one raised ridge associated with die first endplate to limit articulation between the \ 

i endplates in at least one direction. \ 

\ ■ : . * • ■ . 

142. The mtervertebral disc^widing to claim 141, wherein theimsed ridges. 

25 j Jbve correspc^ing fbt si^ 

• * 

143. The intervertebral disc according to claim 141 or 142, wher^irirthe raised 
* . ."** • 

* : ridges have correspondingly angled surfaces.. 

j 144. The intervertebral ddsc aw:ording to any one ofthe preceding claims 127 - 

I 143, wherein at least one of the endplates is formed from a material selected &om the group : 
30 | consisting of metal, polymer, ceramic jand composite. 
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" 145, The intervertebral disc according to any one of the precemhg cj&ims 127 - 

144, vvnerem at least one of the endplates is formed of bone material selected Jfrom the 
group-consisting of cortical, cancellous; allograft, autograft, xenograft, deneutralized 1 or 
partially demineralized bone. 

5 146. The intervertebral disc according to any one of the piweding clinnis 127 - 

145, further comprising migration-resistant structures disposed on at least one of the first 
and second outer surfaces. 

147. The intervertebral disc according to any one of the preceding claims 127'*- * 
146; further comprising permanent fixation means disposed on at least one of the first and 

10 second outer surfaces. 

I : • * - 

148. The intervertebral disc ;according to any one of the preceding claims 127 ^ 
147, further comprising implant instnim«ntafo^ 

disposed on at least one of the first and second inner or outer surfaces. 
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^ (57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
O intervertebral disc is preferably designed to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 
O shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 
fS thoracic, or the lumbar regions of the spine. The artificial intervertebral disc may include either singularly or in combination: an 
^\ interior including at least one spring member preferably incorporating a arcuate surface member, a flexible core, the flexible core 
preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 
!^ attached to one of the endplate by an intermediate shock absorbing element. 
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-28,51-69 

An intervertebral disc comprising: 
an upper endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a membrane extending between the upper endplate and the 
lower endplate; and 

at least one resilient member disposed between the upper and 
lower endplates; the resilient member associated with at 
least one arcuate surface member configured to articulate 
within at least one socket associated with at least one of 
the endplates. 

(problem: providing an intervertebral implant being able to 
absorb shocks and to allow articulation of its endplates 
with respect to each other) 

1.1. claims: 51-69 

An intervertebral disc comprising: an upper endplate having 
a first inner surface and a first outer surface, a lower 
endplate having a second inner surface and a second outer 
surface, a membrane extending between the upper endplate and 
the lower endplate; and an articulating member disposed 
between the upper and lower endplates; the the articulating 
member having a first and second surface being configured to 
mate with the inner surface of at least one of the endplate 
and a shock absorbing element disposed between the second 
surface and one of the endplates. 



2. claims: 78-86 

An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a slotted core disposed between the first and second 
endplates, the slotted core having a first and second 
surface, the first surface configured to mate with a pocket 
formed on the inner surface of first endplate, and the 
second surface comprising an articulating surface configured 
to mate with a corresponding surface associated with the 
second endplate. 

(problem: allowing different regions of the core / the 
implant to compress different amounts depending on the 
location and type of spinal loading) 
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An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a cap having a top surface and bottom surface; the top 
surface being configured to mate with the inner surface of 
the first endplate; and 

a ring spring disposed between the bottom surface of the cap 
and the inner surface of the second endplate. 
(problem: providing a durable shock absorbing element for a 
disc implant having the characterise cal shock absorption 
and compression resistance of a spinal disc) 



4. claims: 29-50 

An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a membrane extending between the upper endplate and the 
lower endplate;; and 

at least one leaf spring disposed between the endplates, the. 
leaf spring having first and second ends, the first end 
attached to the first endplate and the second end configured, 
to be movable laterally along the inner surface of the first 
endplate in response to a force on the leaf spring, 
(problem: providing a greater range of flexibility of leaf 
springs in. spinal disc implants) 



5. claims: 108-126 

Ah intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a leaf spring having first and second resilient ends, 
configured to engage the second endplate, and a length, the 
leaf spring further comprising a central body having first 
and second surfaces, the first surface comprising an 
articulating surface. 

(problem: preventing failure of a leaf spring in a disc 
impl ant) 



6. claims: 127-148 
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An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a first articulation member having a first surface 
associated with the first endplate, 
a leaf spring having at least a first surface associated 
with the second endplate and a second surface associated 
with a second surface of the first articulation member, 
wherein the first articulation member is configured to allow 
the first and second endplates to articulate with respect to 
each other, and the leaf spring is configured to allow the 
end plates to approach one another in response to a 
compressive force applied to at least one of the end plates, 
(problem: providing the surgeon with a greater flexibility 
in selecting the appropriate material for the articulating 
surface while not affecting, the materials of the endplates) 
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